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ABSTRACT 
The Gwalior basin is one of the Precambrian basins developed 
along northwestern region of Madhya Pradesh. The sediments of 
the Gwalior Supergroup aire assigned middle Proterozoic age 
which form the lowest sequence in the basin fill and unconfor-
mably overlie the Bundelkhand Granites and Gneisses. 
Approximately 550 m thick basinal sequence in the study area 
is divisible into lower Par Group and upper Morar Group in 
the ascending order. Within the Par Group two distinct facies 
are recognised as sheet and channel facies, which represent 
distinctive texture and assemblages of sedimentary structures 
respectively. Mprar Group generally consists of fine elastics, 
bands of ferruginous, siliceous, jaspideous and silty shales 
in the lower part. Hov.'ever, higher up in the sequence the 
shales exhibit alternating bands of fine and the coarse 
detritus. Carbonate rocks are, by and large, siliceous and 
cherty and show occasional presence of stromatolites. 
Par Sandstone is predominantly clean, monotonous orthoquart-
zite type with silica cement. These sandstones are.generally 
fine to medium grained, moderately to well sorted, subrounded 
to rounded consisting frequently of recycled quartz grains. 
Glauconite grains frequently form important constituent of 
r, 
2. 
the sand size traction. The heavy minerals consist generally 
of the stable variety including zircon, tourmaline and rutile 
Integration of petrographic infor-nation from the Morar 
Limestone indicates that predominantly micritic Cdrbonate 
rocks are combination of intrasparrudite, micrite and inter-
laminated micritecalcisilite microfacies. Dolomite in Morar 
Limestone is mostly of penecontemporaneous replacement origin 
The sedimentation of Gv.'alior rocks ushered in with conglo-
merates in nearshore marine environment under the influence 
of v;ave activity which may have been neralded by high energy 
shoreline conditions. The remainder of the formation fairly 
indicate tidal flat, tidal inlets and channels v.,^ ere barrier 
bars are knov/n to form. The presence of glauconite almost 
throughout the sequence indicate semi-oxidising seamarginal 
environment. The lower part of the Morar Shale is attributed 
to essentially suspension deposits, almost in tranquil waters 
and the remainder of the formation under slightly higher 
energy regime. 
Tiie carbonate sediments represent mainly supratidal and 
coastal lagoon environment. The marine deposition was 
interrupted and latter eliminated by volcanic activity 
during which extensiv:; trap rocks developed. 
Facies distribution and pelaeocurrent data indicate that the 
shelf gently sloped to the west-northv/est. The basin experi-
enced prolonged subsidence matched by continuous supply of 
sediments mainly from the southeast. Early Prec^mbrian 
sediments including Bijawars and the Bundelkhand Granites 
and Gneisses, exposed in the east-southeast of the study, 
area, could have been major suppliers of sediments. The 
inferred provenance consisted mainly of older Granites and 
Gneisses, basic igneous r.ocks, orthoquartzites, shales and 
limestones, which are v/ell exposed in the east-southeast of 
the area of investigation. 
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INTRODUCTION 
THE 'GWALIGR SYSTEM' 
A series of almost undisturbed and unmetamorphosed rocks that 
show a marked diminution in alteration as compared with typical 
Aravallis and visually lack the predominance of argillaceous 
character of latter rocks are found to occur in the vicinity 
of Gwalior town. They have precisely been correlated in the past 
with the Gwalior Series, hitherto, regarded as more or less 
equivalent to the Bijawars of Bundelkhand (Pascoe, 1959). This 
'System' has been named after the tovm of Gwalior, the sediments 
of which cover a total area of more than 44082 sq km in the 
Central India (Gupta, 1973, 1977). The bottom layer has been 
deposited over the denuded outcrops of the quartz reefs in the 
Bundelkhand Granite and major part of the Gwalior sediments lie 
under the almost horizontal Upper Vindhyan sediments with pronounce 
angular unconformity. The most remarkable feature of this, obviou-
sly, is that bottom layer of.Bijawars shows the affect of partial 
metamorphism while the Gwalior rocks are surprisingly almost 
unaffected (Oldham, 1863). 
A geological map of a part of Gwalior was produced as far back 
as 1870 by Hacket and has remained to this day unrivalled for 
the excellence of production and the wealth of geological 
information it contains. While the rock types and their field 
setting, as depicted in this map, have largely remained unchanged, 
emphasis placed on sedimentological studies and related ideas, 
deemed about their character and environment of deposition have 
undergone radical change in succeeding decades. These divergences 
in approach and concept are symptomatic of the current healthy 
state of flux which exists in field observations, stratigraphy 
and sedimentation of the studied Gwalior rocks. The G^alior rocks 
have precisely been divided, due to the composition, into two 
unequal subdivisions as Par 'Series' and Morar 'Series' in the 
ascending order. The rocks of the Gwalior 'System' have apparently 
been considered in the past to be a part of Bijawars because these 
appeared more nearly alliedby their mineral characters to Bijawars 
than to the Lower Vindhyans. Only the arrangement of different 
strata with sandstone, limestones, ferruginous jasper and inter-
bedded traps in each is markedly different in the two cases. On 
account of having higher additional horizons than the Bijawars, 
they were classed with the transition between the Aravallis and 
Vindhyans (Oldham, 1863). These rocks lie distinctly to the east 
of the continuation of the strike of the Aravallis, they may 
possibly belong to Aravallis. However, in the absence of definite 
fossils, their immunity to metamorphism and horizontal disposition 
places them to be of Cuddapah age (Krishnan, 1982). Deubey (1930), 
using the potentialities of helium method of"radiometric dating 
suggested the age of the traps from the upper beds of Morar 
•series' to about 500 Ma old. Recently, the available age data 
for basic flows of Gwalior 'System' indicate that the oldest 
of them may be about 1895 Ma, which would place them in the 
Middle Proterozoic (Iyengar, 1976). 
LOCATION AND ACCESSIBILITY : 
The Gv/alior 'System' is named after the city of Gv/alior for the 
rock forming hill ranges extending east to west along the northern 
fringe of a narrow belt of Bundelkhand Granite predominantly 
exposed in and around Gwalior township. The Gwalior sediments 
lie unconfonnably over the Bundelkhand Granite and composed 
practically of unmetamorphosed sedimentaries. Though a large 
part of the area is accessible but has received little attention 
as far as a systematic sedimentologic study is concern. The 
project was initiated by the author in the Geology Department 
of the Aligarh Muslim University to shed some light on the 
complexities of one of the oldest sediments of Indian subcontinent 
through a precisely planned sedimentological study. 
The study area spreads over for more than 3956 sq km and lies 
between the longitudes 78°00'-78°15 ' and the latitudes 26°00'-
26°15' of Indian toposheet 54 J/SW. The term Gwalior 'System' is 
assigned, in the present work to Par and Morar 'Series' resting 
unconfftrmably over the Bundelkhand Granite with a total thickness 
ranging for about more than 660 m or so. 
The chief features of interest in the geology of Gv/alior area 
lies with the three natural divisions, the plain, plateau and 
hilly tracts. The plain occupies the area lying to the north, 
east and west of Gwalior. The elevation in this area averages 
only a 30 to 40 m and the highest being 243 m above the mean sea 
level. There is almost a continuous plateau formed generally of 
the Par Sandstone reaching to a height of about 100-150 m. The 
vegetation of the hills is often more than coarse grass while 
small valleys are filled with bushes and penetrable jungles. The 
small streamlets are generally emphemerial type and often profusely 
cut across the rugged topography occupied by the straggling lines 
of irregularly shaped hills. The Gwalior city is fringed with the 
presence of hills of variable elevations of Upper Vindhyan rock 
extending east to west lying over the Aravalli and associated 
rocks v/ith profound unconformity at their base. The main scarp 
of the Vindhyans apparently form intervening v/atershed v/hich lies 
to the north of Narbada river and allowing there from all streams 
to flow in a northerly direction. The most important are the 
Chambal river and its tributaries Kali Sind, Sipra, Parbati, 
Betwa and Sind. Though streams afford a considerable water supply, 
but ultimate result of the steepness their banks put a direct 
impingement on irrigation making it thereby an almost ineffective 
phenomenon in the surrounding areas. 
The study area is we-11 connected by roads and railv/ays. The 
northern part of the area is traversed by the broad gauge of the 
North and Central Indian Railways. Most of the well exposed outcrops 
have apparently been found along railway cutting of Gwalior-Jhansi 
broad gauge. One of the chief routes is Agra-Bombay and some good 
exposures are observed along the road cuttings. 
PURPOSE AND SCOPE OF INVESTIGATION ; 
Although a general list of the rocks of the Gwalior 'System' 
would not suggest any separation from the Bijawars still the 
latter rocks have apparently been extensively studied faced much 
critical observation and well understood while little-is known 
about the former. Though separated there from by a distance of 
some 185 km from the Bundelkhand outcrop of the Bijawars, never-
theless, there is almost a good reason to believe that Gwalior 
sediments are but a probable extension of the Bijawars related 
perhaps to a different facies. 
The want of a general account and geology of Gwalior rocks has 
been felt for a long time. It was desirable the same records of 
early observations should be rescued from oblivion for the benefit 
of future explorers in regards to the modern approach for reconst-
ructing a depositional model of the Par and Morar 'Series' of 
Gv/alior 'System' in the study area. The constructed model should 
indeed atleast in parts, essentially respond a process response 
model of Krumbein and Sloss (1963). The present study is precisely 
based on the sedimentary characters of rocTcs including primary 
structures, lithology, lateral and vertical variations end 
geometry of the Gv/alior sediments. This study also helps to 
reconstruct partially the probable palaeogeography and dispersal 
pattern of Gwalior sediments during the deposition. The upsurge 
of the study of sediments and sedimentary processes has made 
great strides in recent years. The advances have been paralleled 
by refinement of methods for measuring and quantifying a wide 
variety of physical and chemical attributes of sediments. With 
the influx and development of new techniques as a tool for the 
analysis of Gwalior sediments an effort is made to accommodate 
sedimentological data which v/ill guide the evolution of a process 
response model. Though the picture of environment of deposition 
may not be crystal clear, leaving some doubts behind, the evidences 
provided by field and laboratory data does seem to give support 
to Pascoe's (1965) ancient shore-line concept supposed to be 
parallel to the present southern limit of Gwalior sediments. 
Geological map of the area has been prepared using the scale 
1 inch = 1 mile (Fig. 1 ) to supplement the earlier most authentic 
older geological map by Hacket (1870). several traverses were 
made along and across the strike in order to collect the samples 
systematically from the different lithounits. Various sedimentary 
features have been recorded and photographed for proper explana-
tions where necessary. 
FIG. 1 
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sedimentary structures, especially crossbedding and ripple marks 
were studied in respect to their scalar and vectorial properties. '~ 
A total of 2799 crossbedding azimuths and 70 ripple asymmetry 
azimuths have systematically been recorded. A total of 34 azimuths 
have systematically been recorded from current-drag folds useful 
only for depicting one way direction of the palaeocurrent. 
A comprehensive detailed petrographic study of Par Sandstones 
around Gwalior was carried out. The sandstone are hard and 
compact, thus thin section size analysis was carried out to 
avoid grain fracture and also in order to obtain more fruitful 
results. Their petrographic characters such as grain size, grain 
roundness, mineral composition and diagenetic attributes were 
taken into account in a total of 150 thin sections. It was 
considered unnecessary to study a large number of thin sections 
of sandstones in view of the very little inter-sample variability 
in texturally and compositiQnally mature Gwalior sediments. On 
the other hand, subtle textures, structures and diagenesis in the 
carbonate rocks were made discernible by examining 9 0 thin sections 
with the identification of several carbonate microfacies to 
interpret probable sub-environment. 
The above mentioned investigations were integrated to aid in 
the conversion of raw data to form amenable to interpretation 
to solve some problems atleast partly,' in palaeogeography, 
sediment dispersal pattern, provenance and tectonic activity 
during the deposition of the Gwalior sediments under study. 
An attempt is also made to relate the conditions of deposition 
of Gwalior sediments through conceptual framework to which 
observations have been referred as an aid in identification 
as a basis for prediction. 
CHAPTER-I 
GENERAL GEOLOGY AND SEDIMENTARY CHARACTERS OF GWALIOR 'SYSTEM' 
PREVIOUS WORK AND CLASSIFICATION : 
Rocks attributed to Gwalior 'System' are seen, scattered in a 
number of isolated outcrops of varying sizes, overlying the 
older rocks along certain very definite lines. These older rocks, 
in the main, upon which the Gwalior sediments rest are assigned 
to the Bundelkhand Granite. In some places, Gwalior rocks give 
rise to hill ranges extending east-west, fringing the northern 
edge of a narrow lying belt of Bundelkhand Granite. These rocks 
have always been regarded to be eastward continuation of some 
part of Aravalli sequence and considered as equivalent of the 
Bijawars, 180 kms away to the southeast, and both formations 
were assigned to the 'Purana' (Pascoe, 1955). The occurrence of 
these widely separated areas of rather uncommon rock types, in 
identical close relationship is, to say the least, most surprising. 
Studies in geology of Gwalior rocks had already been taken up in 
early days of Indian geology and a bibliography of Gwaliors 
include names of some of the most able geologists who worked in 
this subcontinent. It was realised by early workers that Gwalior 
rocks need an extraordinary ramification as these sediments 
appear reasonably different from those of Aravallis and tentatively 
10 
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bear a close resemblance with Bi jawars . Yet the amount of 
publ ished l i t e r a t u r e i s very l imi ted indeed. The e a r l i e s t 
knowledge of Bijawars and r e l a t e d rocks i s accredi ted to 
Medlicot t (1859), who proposed the name 'Bijawar Series* for 
r 
the sediments which lie upon the Bundelkhand Granite and success-
ively covered up by the Lower Vindhyan beds in the Bundelkhand 
type area. He equated the 'Transition rocks' of Bihar to the 
'Bijawar Series' of the type area and subdivided the 'Transition 
series' into Lower and Upper divisions, mainly on the basis of 
the degree of metamorphism, structure, and associated intrusives. 
Oldham (1863) remarked after comparing the Gwalior and Bijawars 
'the arrangement of these strata is, however, markedly different 
in the two cases, and the general facies of these two series does 
not suggest to the observer that they are representative' - from 
the descriptions the two series would seen to tally very closely. 
Mallet (1869) proposed the term 'Transition Series' for rocks 
(comprising shales and schists with other subordinate variety 
of rocks), which lie between older granites and Lower Vindhyans, 
for he thought that these bridged the gap between the metamorphics 
underneath and the overlying unmetamorphosed sedimentary formation. 
He further, divided the Transition or sub-metamorphic rocks into 
lower - including Bijawars, Champanair beds, Aravalli, Malani 
beds, transition rocks of Bihar and Shillong; and Upper - including 
Gwalior, Cuddapahs and Kaladgi series. Hacket (1870) was amongst-, 
one of the earliest pioneer v/orkers who recognised the wjLdespread 
12 
characteristics and mapped the Gwalior area on an inch to a mile 
scale to work out the stratigraphy of the entire Gwalior rocks 
in this region. However, he published descriptions of this area 
much more condensed and generalised than its importance warrants. 
He proposed the name Gwalior 'Series' for the rocks forming hill 
ranges extending east to west along the northern fringe of a 
narrow belt of Bundelkhand Granite prominently exposed in and 
around the city of Gwalior and apparently divided these rocks 
into Par and Morar 'Stages' in the ascending order. The investi-
gations of Heron (19 36) sparingly touched the Gwalior area consi-
dering it to. be an isolated outcrop of unmetamorphosed Aravalli 
'Series'. On the basis of resemblance v/ith atleast some part of 
Aravalli, Cuddapah age v/as assigned to Gv/alior rocks (Krishnan, 
1982). Gupta (1977) proposed the status of 'Supergroup' to these 
rocks and considered Par and .Morar as two ascending 'Groups' of 
the Gwalior 'Supergroup'. 
The opinion differed in the past as regards the suitablity of 
the scheme of nomenclature of Gwaliors and the system so far 
followed is not only wrong but also misleading and liable to 
create confusion. In the absence of real biological analog, the 
time stratigraphic nomenclature appears inadequate. To remove 
the long existing discrepancies Code of Stratigraphic Nomenclature 
of India (1970), hereafter abbreviated as 'Code for India' has, 
reasonably, been followed in the -present work. New lithostrati-
graphic rank terms 'Supergroup', 'Group', 'Formation', 'Member', 
13 
etc. (Article 10.06, Code for India) have been introduced 
and in the absence of definitive fossils and 'insufficient 
geochronologic radiometric data, the chronostratigraphic rank 
terms such as ''System', 'Series' and 'Stage' have been eliminated. 
The present author has attempted to modify the classification, 
proposed by Racket (1870), for Gwalior rocks. Following the 
Code for India, which hardly differs in details from the American 
Stratigraphic Code (1961), the entire sequence of Gwalior rocks 
comprising two Groups, has been given the status of a 'Supergroup' 
(Article 10.05, Code for India). Following the modified classi-
fication, pertaining to the stratigraphic interval, the Gwaliors 
have been divided into Par Group and Morar Group in the ascending 
order and the associated orthoquartzite, shales, and carbonate 
rocks have been regarded as independent fundamental and mappable 
units, each is characterised by internal homogeneity, and have 
been designated 'Formation' (Article 7.00, Code for India). 
The original terms coined by earlier workers have been retained 
and new name for formations and members have been borrowed from 
the geographic names followed by lithological names (Article 
13.00, Code for India). 
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TABLE-i 
Proposed Formal Classification of Gwalior Supergroup(Gwalior Area) 
Average 
Group Formation Thickness(m) 
Dense basic dioritic traps 
Disconformity 
Morar 
Morar Limestone +20-30 
Morar Shale 500-550 
Par Par Sandstone 60 
unconformity 
Bundelkhand Granite and Gneisses 
REGIONAL STRATIGRAPHIC RELATIONSHIP : 
The present knowledge of regional stratigraphic relationship of 
Gwalior rocks is based mainly on detailed mapping by Hacket 
(1870) in this region (Table-2). Many diverse views, expressed 
regarding the correlation, in the absence of real biologic 
analog, were generally based on the relative position, lithology 
and disproportionate size of Gwalior rocks in the various 
TABL 
P r o b a b l e R e g i o n a l L i t h o s t r a t i g r a p h i c Relationship of G w a l i o r Su 
( A f t e r I q t 
Son Valley Rajasthan & Gujarat Singhbhurn 
Gwalior Supergroup Delhi Supergroup Dhaniori Group 
Shales, phyllites, Cong lorr.e rate , guar- Quartzite, congl-
quartzitss, basic zites, schists, ornerate, schists, 
flov.-s (1395 Ma) and phyllites, basic basic flows, 
tuffs. flows, tuffs and granite, Mayurbhai 
granites. igabroanorthos ite 
and ultramafic. 
Rijav;ar Group Aravalli Supergroup Singhbhurn Group 
Synsedimentational' Quartzite, conglo- Mica schist, 
niera-volcanics, merate (oligo.Tiict) , quartz arenites, 
tuffs basic flows, chlorite phyllite hornblende 
(2460-2515 Ma), schist, migmatit--. schist. 
.TStagraywackes , ultr-basics, oasic 
phyllite, shales, and andesitic flows, 
slates schist, granite, meta-subgray-
gneisses migmatite wacke, metaprotoquar-
and synorogenic tzite, metasiItstone 
granite. and quartz arenite. 
15 
II 
rgroup with similar rocks around the Indir-^ n Shield, 
.'jddin, 19 31 ) 
S h i l l o n q S o u t h I n d i a n S h i e l d Madhys P r a d e s h & 
M ^ h ? r p s h t r a 
G . R . Ha 11 i - R a n i b a r n u r Amaaon Group 
GrouD 
Grevv /acke , - D h v l l i t e s Qu = r t ? . s e r i c : 
v i t h i n t e r c a l a t e d 
l i ~ e s t o n e and b e d d e d 
f e r r u g e n o u s c h e r t s . 
s c h i s t , f e l s o - f - . i c 
r; M ,n > -^^  g j -Hg ~; ;; T n e 1 
epidote qu^rtzi-e, 
hornblende biotite 
auart?ite, horn-" 
blended schist and 
arriDhibolite . 
h i 1 l o m Gro-r,?. V a n i v i l a s Groun 
e a k l y m e t a m o r -
h o s e d c o n g l o m -
r a t e a r e n i t e s , 
i I t s t o n e ^nd 
•-^  -•, 1 g n ' ' t "• rn ;^ >^  ^ 
a s i c s i l t s and 
y k e s of p o s t -
e c t o n i c g r a n i t e , 
h a s i g r e e n s t o n e s 
C o n g l o m e r a t e s , - r u a r -
t s i t e , s e r i c i t e 
s c h i s t s , m,^rble 
d o l o m d t e , p h y l l i i e , 
m.^oni fe rous ^nd 
f e r r u g i n o u s c h v l l i t e , 
bonded haem^^t i t e 
o u a r t z i t e , m e t a -
b a s a l t s , q u a r t z , 
u l t r ^ - b a s i c gr^^nice 
and g n e i s s e s 
Unconformi ty 
Bababud-n Grouc 
Quartzite, meta-
basalt, chlorite 
phyllites, ferru-
ginous phyllite, 
ultrabasic, granite 
and gneiss and 
dolurite dykes. 
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localities, Hacket (1870) divided Gwalior rocks of the study-
area into two very unequal subdivisions as Lower or Par Group 
and an Upper or Morar Group. The Par Group is composed of 
conglomerates and fine grained orthoquartzite deposited upon 
the irregularly denuded surface of Bundelkhand Granite forming 
a distinct unconformity, in many places, at the base. Moreover, 
successive Morar Group has, hitherto, been recognised with the 
presence of reddish siliceous, ferruginous shales interbedded 
with hornstone and jasper followed, successively, by inconsistent 
and discontinuous limestone with alternating siliceous layers 
finally overlain in turn by two principal zones of dense basic 
dioritic traps. 
The rocks belonging to Gwalior Supergroup extend generally 
eastwest forming hill ranges along narrow belt of Bundelkhand 
Gneiss around Gwalior. Subsequent work in other parts of the 
country has brought out some interesting features which helped 
to establish regional stratigraphic correlation of Gwalior 
Supergroup. Gwaliors have been regarded as the equivalent of 
the Bijawar Group. However, correlation of Gwalior is a matter 
of some difficulty and there is still some doubt whether they 
are of Cuddapah or Aravalli age. The radiometric age of Tuffs 
and basic flows of Bijawars has been determined much older to 
about 2460-2515 Ma, than basic flows of Gwaliors which are 1895 
Ma of age (Iyengar, 1976), 
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Firozuddin (1970) divided Bijav/ar Group of Parsoi into two 
mutually conformable lithologic units, namely, Parsoi phyllite 
and Tatapahar quartzite. Lithologically, the succession appears 
bearing close resemblance with those of Gwaliors and the 
difference may be in the grade of metamorphism. However, 
Medlicott and Blanford (1879, 1887) probably did not err in 
working out a lithologically much differentiated and reasonably 
thicker succession of Gwalior rocks around Bundelkhand area due 
to lateral changes in lithostratigraphic units. Such differentia-
tion was probably not visualized for the upper part so called 
transition of sub-metamorphic rocks and this led them to correlate 
the succession of Parsoi area with Gwalior, Cuddapahas and Kaladgi 
Series. A long arc-shaped succession of rocks extending along Son 
valley and Palamau district of Bihar has been regarded as the 
equivalent of the Bijawars which bear a close lithological 
similarity with the Shillong Group and associated Greenstone 
with atleast one horizon of conglomerate containing pebbles of 
red jasper which is also found in the underlying portion of the 
Iron Ore Group (Ghosh, 1939; Fox, 1950). Earlier, Medlicott (1869) 
considered these rocks to be the equivalent of the 'Transition' 
rocks of Bihar in composition and in the order of stratigraphic 
succession. 
The stratigraphic succession of Hindaun is represented by 
practically unaltered sedimentaries resembling those of Gwaliors. 
In the northwest a series of outcrops of about 32 km length, that 
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strike parallel to the Aravalli ranges, are exposed overlying 
the Alwar quartzites. Few kilometers southwest of Hindaun the 
characteristic formation, in a broken ridge, consists of a 
highly dipping dark siliceous haematite, banded red jasper and 
white chert, black slate, traps and impure limestone succeeded 
unconformably by a band of quartzite. These rocks are very 
similar to the Morar Group of Gwaliors (Krishnan, 1982). 
The author has an opportunity of examining the Gwalior rocks • 
around city of Gwalior in details. However, reconnaissance 
studies of adjacent areas proved lateral changes in lithostrati-
graphic units. The question is, what relation and probable 
interpretation to put upon the apparent contrast of occurrence 
of the same rock units in these contiguous areas. In the western 
area, where greater regularity of feature prevails, the litho-
stratigraphic units seem to resolve the true relationship. It 
is in the boundaries of older and younger rocks that the character 
of irregularity in the lateral extension in eastern direction is 
most conspicuous probably due to facies changes. A complete 
sequence is not established elsewhere and observers in the past 
have, hitherto, failed to detect any definable line of demarcation 
from pre-Aravallis up to the newest Vindhyan rocks in the region. 
Although, more or less distinct petrographical characters can be 
assigned to the several horizons throughout, they are so transition-
al from one to the other that the question of mapping thembecomes 
one of the extreme nicety, for not only are the changes gradual 
19 
in vertical sequence, but horizontally, certain characters affect 
lithostratigi^aphic units exceptionally. Such implications are 
discussed elsewhere. 
Some of the type sections of south India also bear a probable 
close resemblance with those of Aravallis, Delhis, Bijawars and 
Gwaliors of north India. The following brief description of the 
probable regional stratigraphic relationships of various rock 
types with the type sequence of known ages on the basis of doubtful 
criteria like colour, composition of south Indian counterparts 
have been described but the correlation is yet not .fully established. 
Stratigraphy of the schist belts reveal that the Eababudan belt 
bears a close affinity with Delhi Group. The rocks of this belt 
have precisely been divided into Lower Bababudan Group and Upper 
Tariker Group, separated by unconformity. Various lithounits of 
this Group include hornblendic rocks v/ith thin runs of quartzite, 
banded ferruginous quartzite and ferruginous clays while the 
Tariker Group includes chloritic schists, conglomerates, quartzites 
and some limestone. Recently stratigraphy of the volcanosedimentary 
rocks of the late Archaean Dharwar Supergroup that make up the 
Bababudan basin is described in terms of six lithostratigraphic 
division (Chadwick, et al., 1985). 
The lower sequence of the Goa belt appears similar to Delhis 
while upper resembles closely to the rock occurrences around 
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Udaipur. Metabasalts and quartzite corresponds to Bababudan Group 
and have been recorded in the anticlinal cores while ferruginous 
quartzite and phyllite occupy synclinal cores of north-northwesterly 
trending folds. 
The sequence of the Gadag-Chitaldurga-Chiknayakanhalli-Seringapatam 
band includes Vanivilas Group of rocks which overlie Bababudan 
Group bear a close resemblance v/ith 'those described earlier. 
Conglomerates of Vanivilas Group are followed by quartz-pojrphyry 
and phyllite intercalated with ferruginous chert bands. Some 
impersistant limestone bands have been noted in the sequence, 
Lithologically, the rocks belonging to Champaner Group (Blanford, 
1869) consist of quartzites with conglomerates, slates, limestones 
and occasional ferruginous bands. Champaners and Dharwars have 
very close lithological similarities (Fermor, 1909). The Champaners 
are nothing else but the Aravallis and this correlation has been 
firmly established (Heron, 1935). The succession here, incidently 
varies from one part to the other and it is not possible to pick 
any area as typical. 
Some of the distant type sections were taken into account to 
establish the correlation of these occurrences with the Aravallis 
and Delhis of north India with the help of common horizon. Due 
to the unfossiliferous nature of these rocks it is difficult to 
assign "precise s-tratigraphic positions to them. These rocks. 
21 
exposed in different areas, have been primarily correlated with 
one another in the past on the basis of their lithological 
characters, stratigraphic position and the degree of metamorphism 
which these rocks have undergone. The geochronological data 
published during last decade or so is scant and indeed, has 
provided limited information regarding the relative position 
of some of the rocks. Unfortunately the correlation is as yet 
not fully understood. 
GV/ALIOR AREA : 
The Gwalior Supergroup exhibits mixed character of the rocks and 
invariably divisible into tv;o fold very unequal subdivisions into 
Par Group and Morar Group in the ascending order. These rocks 
were examined in details by the author in three field seasons in 
the years 1982-84. Jacob's staff method (Krumbein and Sloss, 1963) 
was used to measure thickness of beds to readily accumulate a 
detailed stratigraphic sections during the traverse-mapping of the 
area on one inch to a mile scale. Since the main erogenic belt 
of Rajasthan is far away from the study area it has almost 
negligible impact and rocks remained unmetamorphosed and free 
from major structural disturbances. The entropy of stratigraphic 
section relates to gross lithology, occurrence, thickness, vertical 
and lateral relationships, sedimentary .characters and weathering 
behaviour of each formation. For systematic description of bedding 
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and crossbedding the terminology of McKee and Weir (195 3) has 
been followed with slight modifications. 
Par Group : 
The rock sequence of Par Group is extensively developed around 
Par village, where it attains a thickness of 60 m, forms the 
lower most division of the Gwalior Supergroup. The base of Par 
Group mainly follows gently undulating erosion surfaces. It 
occupies small discontinuous hummocks in the study area except 
in the western parts where it attains a thickness of about 30 
to 4 0 m. 
Par Sandstone : 
The sandstone form capping over the scarpment from Par towards 
Sind river. Near Jiwajiganj railv/ay station almost continuous 
outcrop of sandstone is exposed with the thickness measurable 
from half meter to more than one meter or so. Complete section 
of Par Group is nowhere met and only part sections were studied 
and measured near Pannia, Mangora and Santao localities in the 
west of Gv/alior city. In the north the sequence is rarely met 
as it is extensively covered with alluvium, though recent 
construction in the vicinity of Ghosipura and Tighra localities 
show some fresh exposures and have subsequently,been included in 
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the generalized stratigraphic sequence of Par Group. (Pl. I, 
Fig. A ) . The occurrence of sandstone almost in the discontinuous 
exposures, due to extensive alluvial cover, place certain restri-
ctions on its detailed field study. Despite these limitations, 
an attempt was made for a detailed field study of several part 
sections along closely spaced traverse lines. This obviously 
helped to compare the vertical lithologic variations. Finally, 
a detailed unified composite stratigraphic column was prepared 
by piecing these part sections together (Fig. 2). 
The lower most 60 m of Par Group of rocks can be subdivided 
into three informal units A, B, and C on the basis of lithology 
and sedimentary characters (Fig. 2). 
Unit-A : This unit, 9 m thick on average, is recognised by the 
presence of relatively thin bands of basal conglomerate often 
over unevenly denuded surface of the Bundelkhand Granite (PI. I, 
Fig. B). The conglomerate generally occurs as a thin capping 
over the more or less arcuately trending Bundelkhand Granite. 
The exposed capping has given rise to essentially flat or low 
hummocks on which conglomerates abound barring some soil covered 
areas. 
The unit comprises of predominant assorted pebbles of vein 
quartz, granite, quartzite and intraformational rip-up fragments, 
Pebbles in the conglomerate consist mostly of granite gneisses 
Fig. 2. O t n t r a l l z s d vart fcot t t ra t ig raph lc tcquancc of Par 
Sondstona of <3waU6r Supergroup, Owallor d i t t rCct , M.P. 
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LUhology : ' Ftn« graln«d, r«ddlsh whU« to 
white colour. Lenticular and 
channel sandstone bodies-
Sedimentary : Both symmetrical and asymmetr ical 
s t ructure ripple m a r k s . Single and c o - s e t 
p l a n a r and trough crossbcdding 
convolute laminations commbn. 
UNIT ' B ' ( 33m ) 
LIthology : Medium to f ine sheet ime glauconitic, 
o r thoquar tzUe type of sandstone. 
Reddish' tO' pale grey. Papei^ thin 
shale and s l l tstone bands . Fining 
upward . 
Sadimentary : S y m m z t r l c a l , Asymmetr ica l and 
structure rhombic type ripple marks common-
Single set large scale p l a n a r and 
trough crossbedding . Flat 
topped r ipples single sets of p lanar 
and trough crossbeds, Parting 
l ineat lons^ Undulations near top • 
UNIT ' A ' ( 9 m) 
LIthology ; Discontlneous thin bonds of bosol 
conglomerate* moderately sorted » 
Pebbly and gr i ty upward . 
Basement Bundelkhond Granite 
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which are superficially similar "to the older rocks around. But, 
in addition, there are other types chief of these being pebbles 
derived from pre-existing igneous and metamorphic rocks. The 
clasts are subrounded to rounded, well to moderately sorted of 
the size of walnuts and hazelnuts. The elongated clasts generally 
but obscurely show crude or random orientation of long axes. In 
the absence of conglomerate the pre-existing quartz veins show 
infilling of sandstones in niches between the quartz veins. In 
few sections the granite appears to have been denuded to different 
levels, on each side of the quartz veins, prior to the deposition 
of sandstone. In the absence of conglomerates, the sandstone lies 
banked up against the uneven floor of the Eundelkhand Granites and 
thus an unmistakable evidence of unconformity appears almost 
missing at the contact. The thickness of conglomerate varies from 
place to place and often seen in the form of discontinuous lenses. 
The intercalated stratiform lenses of coarse sandstone often shov/ 
crude bedding. Traced upv/ards, the clasts gradually become smaller 
in size and the sand content of the sequence increases steadily 
and conglomerate passes gradually into Par sandstone. 
Unit-B : The unit, 21 m thick on the average, markedly differs 
much in sedimentary characters from the•underlying conglomerate 
and is recognised by the presence of medium to fine grained, pale 
grey sandstone of orthoquartzite type tinged with reddish colour 
at the base. 
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The contact between Par Conglomerate is almost gradational, the 
clasts become finer upv;ard and pass gradually into reddish medium 
to fine grained sandstone. Following the Code for India (Article 
5,01) the boundary between the two formations has been placed at 
the base of first significant sandstone bed. The orthoquartzite 
resembles closely to sheet sandstone fades and predominantly 
occupies eastern part of the study area. 
The unit is composed of horizontal, parallel beds of fine to very 
fine, glauconitic and orthoquartzitic sandstone. The sheet facies 
is characterised by the fine grained sandstones and alternate bands 
of pink and yellow colour often with paper thin shale and siltstone 
intercalations. This facies is characteristically persistent and 
individual beds are measurable up to 5 cm thick or so. Just above 
the contact with the lov/er unit, the sheet like sandstones are 
generally ripple laminated, ripple cross-laminated and shoi-/ minor 
undulations in wavy bedding. The overlying layers show the presence 
of herringbone crossbedding, alternating crossbed sets of different 
scale and foreset dip angle, minor ripple of symmetrical and 
slightly asymmetrical rhombic types. Interlayered sand and mud 
with abundant flaser bedding also occur. The ripple crests appear 
straight, sinuous and even branching types. The upper part of this 
unit is characterised by the presence of planar and trough type of 
crossbeds and also characteristic Epsilon type in heterogenous 
lithology. Crossbeds vary from low-angle planar sets to high-angle 
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trough sets. Almost monotonous character of the thin-bedded 
sandstone facies is often broken by coarser to medium grained 
crossbedded sandstone bed that occasionally contain clay chips 
and rounded clay-clasts. Rib-and-furrow structures seem to have 
developed due to the presence of erosional sculptures like rill 
marks and swash marks of small dimensions. The presence of shale 
pebble layer is attested generally by shallov/ pits of sandstone 
surface occupied occasionally by abundant shale pebbles. 
This unit, higher up in the sequence, is characterised by the 
predominance of flat bedded-sandstone (Pl. I, Fig. C ) . It is 
exposed along the same scarpment in v;hich the underlying sheet 
sandstone facies has been conspicuously located. The flat beds 
are generally identified by the continuous gradation of sheet 
sandstone facies into occasional appearance of flat beds in the 
beginning followed successively by predominant beds near the top. 
The sandstones are medium to fine grained, reddish-white and pale 
in colour with intermittent paper thin shale and sandstone inter-
calations. Near Jiwajiganj the flat beds are well developed and 
finer grades of the sandstones are generally excavated from 
shallow quarries. Almost discrete change in sedimentary character 
has been noted there in the form of general sporadic occurrence 
and elimination of laminated beds and simultaneous reduction of 
the thickness of cross-laminated beds to even less than 1 cm. The 
flat beds of few centimeters thickness sensibly show profuse 
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development of parting lineation and the internally laminated 
beds show streaks'of various colours almost parallel to the 
bedding. In the absence of parting lineation flat-topped.ripples 
with very little relief appear on the surface reduced almost to 
traces. Such ripples often show persistant straight and long 
crests. The upper portion of this unit shows the presence of 
single set of large scale planar crossbeds with occasional single 
trough sets. The top most portion of this fades shows almost 
undulatory to lenticular bodies of overlying channel facies that 
have cut and enclosed within the flat bedded sandstone. 
Unit-G : The unit-C of Par Sandstones on the average is about 18 m 
thick. At the base it consists of reddish v/hite to white fine 
grained sandstones occurring as lenticular bodies (PI. II, Fig. A)_ 
These bodies occur enclosed in sheet sandstones and become 
progressively larger in size upwards in the sequence. Such bodies 
are notable in south and southeastern part of the area near 
Singpur and have become reasonably large, marked intertonguing 
relationship persists as these lenticular bodies pinch out and 
even split. 
The unit is characterised by massive looking sandstone with rarely 
developed internal structures like convolute lamination discerni-
ble only on weathered surfaces. Ripple marks of both symmetrical 
and asymmetrical types occur with the wave length not exceeding » 
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6-7 cm or so. Epsilon crossbed types are occasional while diverse 
ripples including double-crested flat-topped forms have also been 
noted at many places. 
Towards northwest direction the sandstone occupy lov; grounds and 
shov/ amongst the sedimentary structures trough and planar type of 
crossbedding. A marked increase in dimensions of the channels, in 
the form of linear bodies, has apparently been in this direction 
and channels measurable up to a considerable distance covering 
few hundred meter of width and several hundred meter of length 
seem to occur in-this area. The ripples generally occur, atleast, 
with two sets of marked difference- in size. The asymmetrical type 
with branched crests are larger in size (average wave length 30 
cm). On the contrary symmetrical type with flat top are smaller 
in size (average wave length 5 cm). In all the sections studied. 
Par Sandstone, pass gradationally into the overlying Morar Shales. 
Morar Group : 
•Morar' the name being taken from the military section close to 
Gwalior city. This Group is about 600 m thick and constitutes 
the youngest division of the Gwalior Supergroup. It consists of 
predominant thin, flaggy, siliceous and ferruginous shales 
copiously interbedded with banded jasper, overlain by siliceous 
limestone and finally by two principal zones cJf trap rocks. 
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Morar Shale : 
About 10 km from city in a southwesterly direction, the hill 
section/ in which the ferruginous and siliceous shales are 
largely developed occur about 18 km to the southeast of Morar 
but the intervening ground is covered by the extensively 
constructed new buildings and roads. On both the sides of 
Indore road the lower zone of trap occurs about 15 0 m up 
from the base of the Morar Group. In some places the whole 
plain of Morar is underlain by upper zone of trap. Morar 
Group is admirably exposed around fort of Gwalior and few 
kilometers northnortheast there are old abandoned mines where 
the flakes of haematite were mined in the past. There are 
several detached hills, in the plain east of Morar, formed 
entirely of trap. 
The shales of Morar Group show almost a perfectly conformable 
relationship with the underlying formation which forms the top 
of the Par Group. The contact between the formations is confor-
ma-Dle intercalated (Krumbein and Sloss, 1963) as towards the 
top of unit-C, sandstones become argillaceous developing little 
fissility, with increasing fine argillaceous content, gradually 
pass upwards into reddish ferruginous shales. However, there 
appears no sharp marked lithologic boundary between sandstones 
and shales. Following Article 5.01 of Code for India, the boundary 
is taken where the shales tend to become distinct and persistent. 
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Two units-A and B are recognised within the 510 m thick shale 
sequence on the basis of lithology and sedimentary characters 
(Fig. 3). 
Unit-A : This unit of Morar Shale is 240 m thick on average, 
recognised by the presence of relatively thin bands of ferru-
ginous, siliceous and jaspideous shales. The shales are purple 
red in colour, highly ferruginous, siliceous and often contain 
chert and lenses of haematite and glauconitized clay pellets. 
Bands of copiously interbedded bright red jasper have occasion-
ally been observed in many places (PI. II, Fig-. B) . The brilliant 
red colour appears probably due to the iron therein in the form' 
of thin coating. The jaspideous shales show ingredient iron 
concentration in the form of flakes of haematite. Silty shales 
and siltstone, near the base of Morar Group, are in a decomposed 
condition best developed at many places inclduing Manpur and 
Behat. Sandy shales are generally characterised by the uniform 
character generally without pebbles or coarser fraction. They 
occur in sheet like bands (McGugan, 1965) several centimeters 
at the base and to more than few meters in thickness near the 
top of the unit. Although, internal sedimentary structure of 
shales has been observed in general but ripple lamination and 
micro cross-lamination (Hamblin, 1951 a, b). frequently occur 
as rib-and-farrow (Stokes, 1953), on bed surface. The bed 
surfaces often display small scale symmetrical type of ripple 
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Fig. 3. GeneroLJzed vartlcal strat lgrophlc sequence of Moror 
Shale of Gwollor S u p e r g r o u p , GwaUor dlstr tct , M.P . 
«:cl5>^--"r-
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UNIT ' B ' ( 270 m ) 
LIthology : Red silty shale with lenses of 
si l tsandstone In upper port finning 
upward 
Sedimentary : S y m m e t r i c a l . Rhombic and 
Structure Sporadic r ipples- Small scale 
trough crossbedding . Polygonal 
mudcracks , swash mark and 
groove cast common . 
UNIT ' A ' { 240 m ) 
I_ _ _ LIthology ; 
• _ — _ - J 5 o ^ 
Purple red wi th thin bands of 
ferruginous, si l iceous and 
jas.pideous sha le , lenses of 
h a e n a t i t i c at the base,copiously 
interbedded bright red jasper 
silty shale • 
Sedimentary ; Mlcrocrosslaminotion rib - and -
Structure furrow small scale f l a t topped 
ripple mar(<3 . 
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marks.(average wave length 5 cm), generally with flat tops. 
Asymmetrical type of ripple marks are not common, while inter-
ference types are often met with. The shales often exhibit 
ripple marks of small dimension (average wave length 5 mm) 
specially in troughs of larger ripples often with a near 90 
orientation with the latter. The shales become more micaceous 
and form tile like fragments due to two sets of well developed 
jointing. In few places concretionary structure develop which 
have dense internal texture ^nd show dark grey to blackish 
colour. They probably represent seggregation of iron minerals 
formed during or shortly after deposition of the enclosing shale. 
There are ample old abundant mines all around the Morar township. 
The shales are highly weathered and at the base of unit show 
prese.nce of thin films of clay often used for white washing of 
houses by the local people. 
The same unit around Gwalior township consist of layers of black 
siliceous haematite alternating with v/hite chert or occasionally 
with brilliant red coloured jasper. It appears that chert predo-
minantly occurs in northeast and jasper, on the other hand, in 
the southwest of Gwalior city. Whenever fresh surface is met 
within the field it shows mud cracked red micaceous silty 
ferr-uginous massive looking shales with occasional parallel 
laminations on weathered surfaces. 
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Unit-B : Unit-B of Morar Group forms the top of the formation 
and it is on the average 270 m thick, comprises essentially of 
red silty shales and occasional lenticular beds of silty sand-
stones. These shales generally of few meters thickness are 
micaceous and internally show sporadic ripple lamination. 
Weathered shales are ocherous and show remarkable development 
of prismatic type of jointing giving rise to sharp edged, 
regularly-cracked bricks or tile-like fragments. In some places 
jaspideous shales show brilliant red colour, and frequent 
polygonal mud cracks of smaller dimensions measuring 2 - 4,5 cm 
across. Symmetrical type of ripple marks generally with straight 
pointed crests (average wave length 4 cm), also occur on the 
surface of siltstone. On fresh exposed surface rhombic ripples 
and sporadic swash marks appear but not in abundance. Lenses of 
silty sandstone occur mostly in the upper part of this unit and 
range from several centimeters to more than a meter in thickness 
that too often pinch out within a short distance. However, each 
lense shows almost a gradational contact with the overlying 
siltstone bed. The finer fraction of siltstone in upper part 
become dark in colour, show thinner laminae and the micro-
rippling changes into even laminations upwards. The siltstone 
is characterised, by and large, by the presence occasional 
lenticular beds in the lower portion followed generally by 
small scale trough crossbedding and laminated top. 
35 
Towards the top of unit-B, ferruginous shale become calcareous 
with increasing carbonate content, loose whatever little fissility 
they show towards the base. Dark brown argillaceous mudstone often 
replaces haematite giving rise brownish colour to jasper and finally 
passes upward into overlying unit recognised as Morar Limestone. 
Morar Limestone : 
The average total thickness of limestone in the study area is 24 m 
along Agra-Bombay road and does not seem to vary appreciably along 
the strike. The measurement of stretigraphic sections is rendered 
difficult as the limestone is very inconstant and discontinuous. 
Limestone appears more or less cherty and occurs on tv;o principal 
horizons in Morar Shales, but generally in thin layers from 1 cm 
to 5 cm thick. The greater part of the limestone sequence is covered 
v/ith alluvium while the upper part is often exposed in the lower 
portion of scarp face specially in the face of quarries. Along the 
railway line in southwest direction near Nayagaon locality, the 
limestone sequence rises in the hillock and thus becomes available 
for study. Around Niamchandhona along Agra-Bombay road in a quarry 
the limestone is well exposed (Pl. II, Fig. C ) . At present, the 
quarry is abandoned and exposures of cherty limestone are visible 
from distance. Thin layers of argillaceous mudstone usually 
alternate vsrith red jasper at phe base of the unit. However, when 
thicker, limestone is very inconstant and discontinuous and 
occasionally replaced by ochrous shales. The inconstant, uncertain 
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and discontinuous nature of limestone places much restriction 
for a detailed study in the field. Even within a space of 100 m 
or so the limestone bed, more than 15 m thick,, has been found 
often totally .replaced by ochrous shales. Despite these restri-
ctions a composite stratigraphic column was prepared piecing 
together several closely spaced part-sections. 
Limestone rests on Morar Shales and occurs principally on two 
horizons, in and above the lower trappean zone, in the northern 
hills, above the great trap flow. No trace of an unconformity 
between Morar Shale and limestone having been detected and 
taken to comprise all the transition to be perfectly gradational 
(Krumbein and Sloss, 1953). The reddish calcareous shale at the 
top passes gradationally into reddish argillaceous mudstone. 
However, following Code for India (Article 5.01), the boundary 
between the two formations has been placed at the base of 
the first significant and persistent carbonate bed. Morar 
Limestone, on the basis of gross lithology and other sedimen-
tation characters, has been broadly divided into two units-A 
and B in the ascending order (Fig. 4 ) . 
Unit-A : Unit-A, 9 m thick on the average,is characterised by 
reddish colour with more fine argillaceous content as to be hardly 
classed as limestone at the base. There is almost a good range in 
composition from nearly pure argillaceous rocks to pure limestone. 
Highly hygroscopic argillaceous mudstone occasionally shows 
Fig. 4 OensraLlzed verticol stratigraphic saquanc* of Moror 
Limestone of Gwollor Supargroup, Gwolior d i s t r i c t , M.P. 
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UNIT ' B ' ( 1 5 m ) 
L ithology : Massive looking llmestona . Dork 
greyish colour 
Sedimentary; Lenticular sl l tstone channel f i l l 
s t ruc tu re Ripple laminat ion and Ripple 
cross - laminat ions • 
UNIT *A' ( 9 m ) 
LI thology Reddish colour argi laceous 
hygroscopic mudstone, Thin 
bands of mudstone> silty and 
marly shale • 
Sedimentary; Fine r ippl ing and thin f la t 
s t ructure lamination • 
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mudcracks in thin bedded mudstones in the lower part of this 
unit, successively become laminated upwards. Silty and marly 
shales occur in bands and show a complete intergradation between 
the calcareous shales and sandy limestone. Carbonate muds show 
rippling and fine shale fragments. Laminations in the middle part 
of this unit appear occasionally discontinuous, broken and randomly 
oriented. In the higher parts the laminations are obliterated by 
irregular intercalation of sand, moreover sporadic corrugation and 
arching has also developed, perhaps, due to presence of algal mats. 
The structure varies slightly from flat laminations and a close 
inspection reveals them to .be very small mound-like forms of 
varying degree of convexity and size. 
Unit-B : This unit, 15 m thick on the average, consists of 
typical cherty and siliceous microcrystalline mudstone and 
carbonate siltstone. The thickness of this unit is arbitrary 
as the outcrops show obscurely bedded cherty bands. However, 
massive looking limestone of the unit is displayed in the form 
of low hummocks around Ajepur forest. The dark greyish limestone 
appears massive dominated by laminated fine clastic, persistent 
grey colour and conchoidal fracture. Almost each laminae of 
interbedded dark grey mudstone and carbonate siltstone appears, 
internally, blackish and shows alternate firm delicate sharp 
ridges resistant to weathering carbonate siltstone show ver|:ical 
corrugations occasionally with a layer of.calcite gver rffassive 
looking limestone bands. At places lenticular siltstone beds have 
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developed representing atleast partly the channel fill deposits. 
Large lense-shaped bodies, as much as 3 m across and 1 m high 
laterally extending from few meters to few tens of meters have 
been noted at many places. Such lenses show scoured base. The 
siltstones are generally ripple laminated a ripple cross-laminated, 
These thin dolomitic bands closely resemble limestone in their 
grosser aspects, but close inspection shov/ that earlier structures 
tend to obscure or even at some places obliterated. By and large 
this unit is devoid of any current or wave formed structures with 
fine elastics and parallel laminations. 
Many constituent sand grains appear microcrystalline aggregate 
which are micritized. Silica in various forms appears to be a 
common minor constituent in this unit and is disseminated 
throughout the rock. 
CHAPTER-II 
SEDIr^lENTARY STRUCTURES OF THE AREA 
Primary sedimentary structures originate within layers of 
sediments, prior to lithification, in response to various 
processes. On the contrary, the secondary structures form as 
a result of processes related to physical stresses or chemical 
changes during post-depositional phase. Moreover, structures 
produced by penecontemporaneous deformation of sediment's have 
also subsequently been considered to be of primary origin. Such 
primary sedimentary structures are observably, by and large, 
products of physical and biological processes. The former 
processes depend mainly on current speed and rate of sedimenta-
tion and rate of sediment supply v/hile latter include fossils 
preserved in various degrees of alteration. Certain processes 
are common to many present day environments, but combination 
of processes vary in kind and intensity laterally from sub-
environment to sub-environment. 
In the past almost unsuccessful attempts were made to interpret 
specific environment and agent of deposition with the help of 
sedimentary structures. The modern apprcedi relates the inter-
pretation of sedimentary structures in terms of hydro-dynamic 
conditions attending their formation. Subsequently, sedimentary 
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structures v/ere also applied to the problems of structural 
geology for determining the original top direction and thus 
correct order of superposition of deformed strata (Shrock, 
1948) . Awareness of sedimentary structure as integral adjuncts 
to palaeoenvironmental studies became practically universal in 
connection with palaeogeography, nature and direction of current 
flow, coastal configuration, wave tide interaction relating 
finally to conditions prevailing at the time of deposition and 
hence the sedimentary environment (Pettijohn, 1957 , 1962 . ; 
Pelletier, 1958; Pryor, I960; Krumbein and Sloss, 1963; Potter 
and Pettijohn, 1963; Pettijohn and Potter, 1964; Dzulynski and 
V76lton, 1965; Middleton, 1965 ; Allen, 1966, 1968, 1970a; 
Masters, 1967; Conybeare and Crook, 1968; Coleman, 1969; 
Kelling, 1969; Collinson, 1970; Klein, 1970 a; Pettijohn, 
et al., 1972; Reineck and Singh, 1973; Blatt, et al., 1980; 
Collinson and Thompson, 1982). 
Planar bedding type of primary sedimentary structures are 
useful in palaeocurrent analysis, in flov/ regime studies and 
also often in determining the nature and magnitude of sediment 
supply. Nevertheless, linear and planar structures are indicative 
of the current dynamics at the sediment fluid interface 
(Pettijohn, 1975). 
Comparable changes of processes can be deduced to have taken 
place in the past if sedimentary structures are read through 
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vertical sequences in the rock record. The study of compositional 
and textural feature-characterisation allows rock units of similar 
type .to be grouped together as facies, interpretable in terms of 
a set of processes relating to a particular environment (Collinson 
and Thompson, 1982). 
Gwalior rocks display numerous and diverse sedimentary structures 
and majority of such structures have not been recognised or 
described earlier in details. These sedimentary structures have 
been studied in detail with a three fold objective : (1) to 
infer palaeoflow conditions =.nd dispersal pattern (2) to 
ascertain the basin configuration (3) to determine the probable 
depositional environment. 
Earlier, classification of sedimentary structures based on 
morphology and genesis and latter on to hydrodynamic condition 
does not appear to form a comprehensive classification owing 
to variable terminology and partly to lack of agreement on the 
origin. To avoid the confusion the classification proposed by 
Potter (1963) has been adopted in the present work with slight 
modifications. The proposed classification can readily be 
promulagated to older Gwalior rocks with the added advantages 
of adequate usefulness for tracing palaeoflow conditions. 
Slightly modified classification (Table-Ill) used in the 
present v;ork appears neither descriptive nor wholly genetic. 
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TABLE-III 
Simple Classification of Sedimentary Structures of Gwalior Area 
Current Directional 
Mono-directional Bi-directional 
Crossbedding 
Asymmetrical Ripple 
Flute Mark and Flute iMold 
Current-Drag Structure 
Symmetrical Ripple 
Parting Lineation 
Groove Mark 
Rill Mark 
Swash Mark 
Non-Directional 
Soft Sediment Deformation Sub-Aerial Exposure 
Load Structure 
Convolute Bedding 
Mud Crack 
Organo-Sedimentary 
Stromatolite 
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The sedimentary structures recognised in the Gwalior rocks 
have been described in accordance with the scheme of classifi-
cation given in Table-Ill. 
CURRENT DIRECTIONAL : 
Crossbedding : 
Almost sediments of all ages formed in various diverse environ-
ments shov/ crossbedding as an ubiquitous feature. It is generally 
defined as a single sedirrentation unit where foreset bedding is 
inclined to the principal surface of accumulation (Pettijohn, 
1975). The terms 'cross-stratum', McKee and Wire (1953); cross-
bedding. Potter and Pettijohn (1977) have widely been used in 
the past and still hold good in modern literature. Other old 
terms that have sparsely been used in the past include 'current 
bedding', 'diagonal bedding', 'drift bedding', 'oblique bedding', 
or worst of all, 'false bedding' are often found in literature 
(see Shrock, 1948). The attributes related to field observation 
of crossbedding include three main aspects : (1) Thickness (2) 
Inclination and (3) Azimuth. 
The thickness of individual crossbedding units depend on size 
and shape of dunes that give rise to trough shaped sets or 
sand waves that generate the tabular sets of wider extent. 
Trough sets seldom reach a maximum thickness of 1.5 m and range 
45 
up to a few meters wide, and a few tens of meters long. The 
tabular sets, on the other hand, show reasonably much wider 
range of size, though sets less than 1 m-thick appear more 
common during the field observations. However, exceptionally 
larger individual sets can be several tens of meters thick. 
The crossbedding thickness is Joelieved to be genetically related 
to specific flow conditions (Brush,- 1958); depositional environ-
ment (Allen, 1963 a); discharge and sediment supply (Kelling, 
1969) . Hov/ever, since the thickness of crossbedding is remnant 
of original thickness, it rarely reflects the true dimension 
of environment of depositipn (Klein, 1970 a; Swett, et al., 1971) 
Inclination refers to the solid or dihedral angle between the 
foreset planes (Pettijohn, 1975). The dip angle of crossbedding 
is usually influenced by the factors like moisture content of 
the sediments, flow conditions and agent or environment of 
deposition (Allen, 1965; Carrigy, 1970). Since large bedforms 
generally respond to dominant flov; and are not easily remoulded 
by lower flov; conditions they tend to give a good indication of 
the palaeoslope. 
The direction and consistency of current flov/ mainly control 
the foreset dip azimuth and the variability reflect the slope 
towards basin and/or environment of deposition (Klein, 1967 b) . 
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Classificatory schemes regarding crossbedding have been proposed 
from time to time by various workers using several criteria like 
inclination, nature and shape of lower bounding su-rface of cross-
bedding units and the hydrodynamic and environmental conditions 
of deposition in which they form. The classification of sedimen-
tary structures proposed by McKee and Weir (195 3) has been 
adopted in the present work, v;ith minor modifications, in view 
of its ready applicability to older sediments. The term cross-
bedding has been used in the present work and 'set' is applied 
to a single or solitary unit-of crossbedding and 'co-set' for 
a group of similar sets vertically in successive units. Following 
Allen's (1963 b) view the arbitrary dividing line between the 
large-scale and small-scale crossbedding has been fixed at 4 cm. 
The thickness of set exceeding 4 cm has been classified as large-
scale and belov; that the small-scale crossbedding. The termino-
logy of cross-lamination is also applied to crossbeds with limited 
set thickness. Three distinct crossbedding types occur in the 
study area. Two of these are large-scale trough and tabular types 
(McKee and V/eir, 1953) while third is a distinctive small-scale 
trough type of crossbedding designated as micro cross-lamination 
(Allen, 1968). Indeed, some cosets of tabular crossbeds have been 
found to show direction of dip of foresets in adjacent sets 
opposed. In some cases directions alternate from set to set 
forming herringbone crossbedding type. The disti-nct crossbedding 
types formed during the Gwalior period have been described in 
this chapter in order of abundance. 
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Crossbedding of Gwalior Area : 
In the Par Sandstone of Gwalior area large-scale crossbeds are 
volumetrically abundant. Such crossbeds are associated v/ith flat 
bedded sandstones. The curvature of lower bounding surface of 
large-scale trough crossbedding appears scoop-shaped in a bedding 
plane exposure (Pl. Ill, Figs. A and B), that decreases generally 
with increasing thickness of the sets. Flat-bedded sandstone 
often shows the presence of large-scale deformed crossbeds (Pl. 
Ill, Fig. C ) . 
Large scale planar crossbedding is generally associated with 
massive looking structureless sandstone and also with the flat-
bedded sandstone. Generally, it occurs in single sets and rarely 
in cosets (Pl. IV, Figs. A and B ) . Planar crossbeds often show 
lithologically heterogeneous crossbeds containing shale inter-
calations. This type has been designated Epsilon crossbedding 
(Allen, 1963 b ) . 
Small scale crossbeds that occur in fine sandstone have been 
designated as cross-lamination. The cross-laminations often form 
thin cosets v/ith non-erosional lower bounding surface. However, 
their thickness varies from few millimeters to less than 4 cm. 
In some outcrops cross-laminae of superjacent sets are oriented 
at 180 thereby giving rise to 'herringbone' structure (Pl. IV, 
Fig. C ) . Modern studies have proved that cross-laminations show 
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almost a close spatial relationship with the migration of 
linguoid ripple trains (Dzulynski and Slaczka, 1958; Dzulynski 
and Walton, 1965). Such type of laminations originate due to the 
downward migration of small-scale ripples under regular sediments 
supply that permits successive generation of rippled surface 
(Allen, 1963 a; McKee, 1965 and Jones, 1979). 
Thickness of Crossbedding : 
Though crossbedding units are prominent in the study area, 
measurements of the thickness of each crossbedding unit of 
Par Sandstone could not be obtained because they are usually 
exposed on 'ab' plane and rarely in cross sections. However, 
taking into account of such limitations very few measurements 
of such units have been made as and v;here available. Moreover, 
in case of trough crossbeds, axial sections of sets are sparsely 
obtained. A total of 115 measurements of thickness values v;ere 
recorded (Appendix-Il) at 32 localities in the study area. The 
thickness values of crossbeds of Par Sandstones range from 1 cm 
to 180 cm and average 19.84 cm (Fig. 5 b ) . Indeed, 86 out of 115 
values (75%) lie within the 1 cm to 30 cm range. Frequency 
distribution appears multi-modal with the primary mode falling 
in the 0-5 cm class. This multi-modal" frequency distribution 
of set thickness is similar to that reported from the recent 
intertidal sediments of the Minas Basin of the Bay of Fundy, 
Nova Scotia (Klein, 1964). 
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Inclination of Crossbedding : 
The crossbedding units generally are not found v/ell exposed in 
the vertical 'ac' section-hence a limited number of measurements 
have been made in the study area. A total of 356 inclination 
values from 70 localities have been recorded (Appendix-l). 
Majority of the inclination values come from planar crossbedding 
types. The inclination values range from 5 to 42 and form an 
average 19 43' for the entire sequence. The frequency distribution 
of inclination values grouped in 5 degree class appears almost 
unimodal and more or less of symmetrical nature (Fig. 5 a ) . The 
mode falls in the 15 -20 class and contain 119 values out of a 
total of 356 values (33 43'%), Hov/ever, inclination values within 
the range of 10 to 30 are most frequent and constitute nearly 
81% of the bulk population. These values appear similar to those 
suggested for eolian crossbeds (McBride end Hayes, 1962). 
Generally low inclination values, thin sets, and multi-modal 
frequency distribution of set thickness of crossbeds in the Par 
Sandstone appear to be the products of extensive reworking of 
sediments almost similar to those observed in the recent inter-
tidal sediments (Klein, 1970 a ) . The investigations have revealed 
that bedforms (dunes and ripples) migrate only during one phase 
of the tidal cycle (constructional phase), and in the other 
(destructional phase) they are subjected to erosion, rounding 
and reworking resulting in low dip angles and thin sets of 
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crossbeds. The alternating constructional and destructional 
processes also give rise to multi-modal frequency distribution 
of the'set thickness and low dip angles of crossbeds. 
Ripple Mark : 
Ripple marks generally appear as more or less regularly spaced 
undulations on a bedding plane of sandstone. These undulations 
show a wide variety of shapes many of which relate particular 
sedimentary processes and hence are useful to decipher the 
conditions of deposition. Ripple marks and cross-laminations are 
amongst the most reliable indicators of 'v/ay up'. The ripples 
are principally features produced due to movement of the 
particles which give rise rippling related to certain velocity 
of current. Ripple marks have been studied extensively and much 
of the published literature has been summarized by Potter and 
Pettijohn (1977). 
Ripples are described in terms of their appearance in both 
profile and plan view. The important distinction between 
symmetrical ripples is based on their profile perpendicular 
to the crest line. Detailed measurements and recording of ripple 
morphology includes wave length, amplitude, ripple index, 
symn«try and crest orientation which are very informative to 
field indices of dominant processes. The size of a ripple mark 
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is determined by its wave length and amplitude and both of them 
are controlled by the grain size of the sediments in which the 
ripple mark form, and by the wave strength and/or current 
velocity of depositing medium (Bucher, 1919; Evans, 1942? Inman, 
1958; McKee, 1965; Friedman, 1978; Potter, et al., 1980). An 
increase in any of these factors produces ripple marks with 
greater wave length and amplitudes. Wave length of subaqueous 
ripples is also believed to be affected by the depth of water 
(Kindle, 1917; Bucher, 1919; Evans, 1942; Tanner, 1959 , 1960). 
Some workers have suggested the possibility of differentiating 
eolian ripple marks from those of subaqueous origin on the basis 
of ripple index (Kindle and Bucher, 1932; Shrock, 1948; Pettijohn, 
1975, 1984). 
The symmetry of a ripple mark is described by comparing its 
stoss and lee slopes, if the two are equal the ripple mark is 
said to be symmetrical but .when the lee side is steeper than 
the other, ripple mark is asymmetrical. The last factor of a 
ripple mark, the orientation of its crest is helpful in decipher-
ing palaeogeography and palaeocurrent. 
The relationship between profile symmetry and crest line 
continuity and curvature in the ripple marks is usually 
complicated. The classification of ripple marks has been a 
bit controversial because they occur in very wide range in 
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shape, size, symmetry, orientation with respect to current 
direction and presumed hydrodynamic conditions of formation 
(Kindle, 1917; Bucher, 1919; Van Straaten, 1953; Allen, 1963 a, 
1968). At least as important in classification is the ripple 
pattern in plan view and the shape and continuity of crest 
lines in particular. Broadly, three types of ripple marks have 
been recognised namely; symmetrical, asymmetrical and inter-
ference types. 
Symmetrical ripples and those with very slight and continuous 
crest line are associated with v/ave action. Such ripple marks 
generally form wnere waves agitate the bottom in the absence 
of current (Van Straaten, 1953). They are supposed to have 
formed up to the depth of the effective wave action. They are 
also termed oscillation ripple marks. More complex wave ripples 
shov/ multiple crests with flattened tops produced by shallowing 
or emergence. Asymmetrical ripple marks have also been synony-
mously termed as current ripples. They originate by both the 
action of wind and v/atef currents. The crests of asymmetrical 
type of ripples are generally oriented across the currents and 
their lee sides are generally steeper than the stoss sides. The 
past generalization, that symmetrical ripple marks are always 
associated with the wave action and asymmetrical ones invariably 
with current action, has recently been challenged by several 
workers. The investigation have revealed that many wave formed 
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ripple marks are asymmetrical (Evan, 1941; Kuenen, 1950), whereas 
some of those formed by current action are symmetrical (Van 
Straaten, 1953) . 
More complex patterns, 'resulting from interference between wave 
and current range from slight modifications to more complex 
patterns. Interference ripple marks result when an oscillation 
intersects a pre-existing set of ripples. Morphologically/ such 
ripples are generally of two main types, rectangular and hexa-
gonal. In the rectangular type the tv/o sets of ridges intersects 
each other at right angles. In the hexagonal type the crests of 
the- parallel sizes zig zag forming obtuse angles v/hich in 
adjoining crests face in opposite directions (Bucher, 1919). 
Ripple Marks of Gwalior Area : 
Ripple merks are found more or less profusely developed in 
almost all the units of the Gwalior rocks. Moreover, ripples 
show wide variety of shapes and are most common in fine to 
medium grained sand and occur rarely in limestone. Their wave 
length is usually less than 10 cm and relief seldom exceeds 
3 cm. An examination of interbedded sequences and internal 
structure of the beds of study area reveal the occurrence of 
three main types of ripples including symmetrical and asymmetrical 
types of which the distinction in the field is based on their 
profile perpendicular to the crest line. Ripples with highly 
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sinuous crests form third type such as linguoid ripples with 
generally concave upv;ards lee faces and more gently sloping 
concave upwards stoss sides. 
In the study area ripple marks frequently'show planed-off 
crests in some cases have been completely erased. The undula-
tions become faint to the extent that the erased curvatures 
become mere faint traces on the rock surfaces, which have 
frequently been termed as planed-off or flat-topped ripple 
marks (Tanner, 1958, 1960). 
In Par Sandstone ripple marks are profousely developed on 
bedding plane of sandstone. Ripples with symmetrical profiles' 
are most common in the sutdy area but asymmetrical and linguoid 
types also occur frequently on bedding surface. Asymmetrical 
ripples show slightly raised and sinuous crests (Pl. V, Figs. 
A, B and C). There is, in places a continuum of asymmetrical, 
current ripples ranging from straight crested through sinuous-
crested to linguoid in shape. Ripple index of asymmetrical type 
have an average of 4 cm while symmetrical ripples show an average 
of 7.5 cm. In the lower part of Par Sandstone flat-topped ripples 
predominate. Rarely, such flat-topped ripples preserve ridges 
and hollows but frequently show faint rib-and-furrow; (Pl. VI, 
Figs. A, B and C ) . , -
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Fla t - topped r i p p l e s occur, in the upper pa r t of unit-A of Par 
Sandstone, c h a r a c t e r i s t i c a l l y in the form of micro c r o s s -
laminated layers genera l ly i n t e r c a l a t e d with f l a t bedded 
sands tone . There appears, however, a continuum between f l a t -
topped r ipp le marks and micro c ross - lamina t ion where gent le 
convex-upward s tos s s ides appear al igned roughly in the down-
cu r r en t d i r e c t i o n . 
Many exposed surfaces of the uni t-A show a d i s t i n c t i v e p a t t e r n 
of curved laminae dipping in to the bed in almost p a r a l l e l zones. 
Preferably the laminae are concave dov/n d i p . Such zones are 
commonly 7.50 cm wide ?nd 20-26 cm long, r a r e l y longer . Such 
p a t t e r n of r ib-and-furrow appears to be plan view of trough 
c ross - l amina t ion produced during migrat ion of cur ren t r i p p l e s . 
Less commonly, s t r a i g h t e r cross- laminae i n t e r s e c t bedding planes 
end may dip in opposi te d i r e c t i o n . This p a t t e r n of opposed 
c ross - lamina t ion appears to have been generated by c e r t a i n type 
of wave r i p p l e . Different o r i e n t a t i o n s in v e r t i c a l sec t ion in 
the f i e l d provide b e t t e r understanding in i t s th ree dimensional 
n a t u r e . Both symmetrical and asymmetrical type of r i pp l e marks 
with an average wave length of 8 cm often occur in s t r u c t u r e l e s s , 
massive looking sandstone of the t h i n bedded c o n s t i t u e n t s of the 
channel sandstone. 
Ripple laminated beds disappear in overlying f l a t bedded uni t 
of sandstone and the cross- laminated ones are reduced to 1 cm 
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and even less thick laminae. Flat bedded sandstone show flat-
topped ripple marks which have been planed-off to such an extent 
that they possess very little relief. 
Lenticular sandstone body of the channel fades shows presence 
of occasional symmetrical and asymmetrical ripple marks of 
generally 7 cm average wave length. 
The ripple index was obtained by dividing the wave length by 
the amplitude (Appendix-Ill). The length and height of the 
ripple marks and their ratio (ripple index) has invariably 
proved helpful in deciphering the flov; conditions and the 
environment of deposition (Tanner, 1967). Wave length of ripple 
marks ranges from 6 cm to 11.1 cm (average 8.58 cm) and amplitude 
from 0.5 cm to 2 cm (average 1 cm). The ripple index ranges from 
5 cm to 20 cm and averages 9.41 cm. Since no major tectonic 
defor.iiation has occurred in the area, ripple marks are preserved. 
Preferred orientation is shov/n by these ripple marks at many 
places. The size of ripple marks increases upward in the sequence 
though it appears a convention. Horizontally, in the direction 
of flow, the size of ripples, by and large, increases. 
Current-Drag Structure : 
Current-drag structure has been noted in the form of deformed 
and over-steepened crossbeds in the study area. In all 
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probability, current-drag structure appears to have.been 
produced by the current action. Naming it 'deformed crossbeds' 
will not be appropriate since the term implies both tectonic 
and non-tectonic origin and, moreover, fails to distinguish the 
agency of deformation in the latter case. The defor'mation of 
crossbeds which is restricted to individual crossbeds and 
apparently not extended to the underlying and overlying beds 
relates it to be of non-tectonic in origin probably formed 
before or during the deposition of the overlying bed (McKee, 
et al., 1962 a, b; Potter and PettiJohn, 1977). It has_been 
ascribed to various mechanism like creeping or slumping of drag 
of depositing currents caused by lowering of water level or by 
minor earthquake shocks (PettiJohn, et al., 1972). Gravitational 
displacement has been suggested as one of the causes to produce 
deformed crossbedding, that occur during or shortly after sedi-
mentation (Pettijohn, 1975, 1984). It is also suggested that 
the shear force produced by water current weakens the sand by 
partial liquefaction resulting deformed sets of crossbedding. 
In the area this non-tectonically deformed structure occurs 
mainly associated with channel sandstone of unit C of Par 
Sandstone. The deformed sets are mostly planar crossbedding 
types which occur interbedded with massive and structureless 
sandstone bodies with wavy and highly loaded bases. However, 
deformation axes measured at several locations are nearly at 
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right angles to the mean palaeocurrent direction obtained at 
such locations from crossbed azimuths. These features indicate 
a close relationship between the prevailing depositional current 
and the geometry of the deformation. The inferred mechanism of 
formation of the deformed crossbed and its association with 
channel sandstone indicate that the current-drag structure was 
formed in channel where local macroturbulence could be achieved 
on a scale vmich deformed the foresets. The rare overfolding is 
alv/ays in the direction of original foreset dip and oversteepening 
generally increases upwards through the set. 
Scour Mark : 
Sole marks have invariably been recognised as varied group of 
structure found as casts on the bases of coarse grained sandstone. 
Such sole marks result from the erosion of cohesive, fine grained 
sediments v;hich go directly into suspension on erosion. The 
varieties of sole marks are divided into two broad classes v/hich 
differ principally in the way the structures are generated : 
scour marks and tool marks. 
Scour marks have generally been distinguished by their smooth 
shape and streamlined appearance. They may occur as isolated 
casts or in pattern covering the bedding surface. Amongst these 
obstacle scours occur on the bases of sandstone beds and appear 
associated with distinctive crescentic ridges of sandstone. 
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Flutes are also similar to obstacle scours and occur generally 
as isolated features in variable shapes and sizes or in swarms. 
They are characterised by rounded relief close to the nose, from 
where they flare away and di^_oujt__(^roweJLlj^ 19_5^ 5^ 1,.^ _JElii±£-^  
generally occur in linear pattern arranged en echelon as 'scallops' 
which have narrov/ steeply walled upcurrent end (Klein, 1970 a ) . 
The scour trough commonly develops around obstruction with the 
deepest part on the upstream side of obstacle with the tail 
pointing downstream. Flutes have predominantly been reported 
from turbidite sequences but also invariably seen in other 
environments where water flows over a surface of cohesive 
sediments giving rise small bumps which accelerate the flow 
giving rise to the flov; separation by turbulent current scouring 
(Rucklin, 1938; Crowell, 1955; Kuenen, 1957; Hsu, 1960; Klein, 
1970 a, Collinson and Thompson, 1982). 
In Gwalior area scour marks and flutes occur predominantly in 
Morar Shales specially on the soles of sandy beds. Flutes range 
commonly in size from few centimeter to 30 cm or so in length 
and from 1 cm to 10 cm in height. In shape they range from 
highly elongate forms to very wide forms with gently curved 
noses. Some show slightly twisted shapes. The shape and pattern 
.of flutes bear quite a close relationship with the palaeocurrent 
direction/ shape and direction of the initial irregularities and 
and the strength and duration of the current. 
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Groove Mark : 
Groove marks have been described as elongated ridges that occur 
in isolation or in parallel groups on the bases of sandstone bed 
(Potter and^ Petti John, 1963, 197 77~ Coll i n son "and" Tho np son, 1982)-
They generally show irregular, sharply defined relief, usually 
related to superimposed grooves and ridges where smaller 
features tend to become parallel to the larger ones in trans-
verse vertical section. Groove marks are commonly oriented in 
one direction but may also follow more than one pattern with 
well defined cross-cut relationship. 
Groove marks are the product of the infilling of erosional 
relief gouged by some object or tool, being dragged through 
the cohesive substrate by a current. Nature of tool and the 
sense of movement of the current can be established if the 
object is found at the end of the groove (Crowell, 1955; 
Mclver, 1961) . 
Groove marks are quite common on the sole of channel siltstone 
and sandstone of unit-B of Morar Shales in the study area. (PI. 
VII, Figs. B and C ) . They occur in the form of elongated sharply 
defined generally straight parallel ridges of the thickness 
ranging from fraction of millimeter to 2 mm and several centi-
meters in length. No object was found at the end of the groove 
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except few quartz grains possibly dragged during the movement 
of current. 
Parting Lineation : 
Many sandstone bedding planes shov/ flat surface that are related 
to parallel lineations within the underlying deposit. Sometimes 
a distinct linear pattern appears superimposed on the flat 
surfaces of finer grained layers whereas in micaceous sandstone, 
mineral segregation often gives a coloured lineation as well as 
a relief. Such pattern generally occurs as a series of closely 
spaced ridges and hollows which persist parallel to the lineation 
for a few centimeter or even tens of centimeters or so. Such 
parallel lineation also known as primary current lineation, 
was earlier described by Sorby (1856). Latter (Crowell, 1955; 
Potter and Pettijohn, 1963, 1977; Allen, 1964) made attempts 
to relate the structure with possible current strength and 
palaeocurrent direction. 
Parting lineations do provide useful information about current 
strength and palaeocurrent direction. It is fairly certain that 
parallel lineations in flat beds indicate upper flow-regime 
conditions, provided the sand is in the medium to fine range. 
However, lower flow-regime conditions may also be applied to 
coarse grained and ve^ ry micaceous sand (Collinson and Thompson, 
1982). The lineations which run parallel to the flow may relate 
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to s t reaks of f a s t e r and slower moving water c lose to the' bed. 
The par t ing l i n e a t i o n s a l s o i n d i c a t e the pa laeocur ren t d i r e c t i o n 
and not the sense of movement. 
In the study area pa r t ing l i nea t i onsoccu r markedly in f l a t 
bedded sandstones of uni t-B of Par Sandstone (PI . VII, F i g . A). 
However, a d i s t i n c t but less prominent l i n e a r p a t t e r n of pa r t i ng 
l i n e a t i o n s a lso appears in sheet f a c i e s . Morar Snales a l so shov/ 
feeble t races of pa r t ing l i n e a t i o n s spec i a l l y in f l a t bedded 
c o n s t i t u e n t of channel s i l t y sands tone . 
R i l l Mark : 
Small scale d e n d r i t i c channels a few cent imeters wide and few 
mi l l imeter deep often occur on bedding plane of ancient sediments 
of r i l l sec t ion on beaches (shrock, 1948; Twenhofel, 1950). 
The mechanism of o r ig in of r i l l marks appears r e l a t e d to 
emergence of water a t the exposed sediment surface following 
a f a l l in water s t a g e . R i l l s g e n e r a l l y develop on beaches and 
a l s o on slopes of l a rge r t i d a l bedforms at low t i d e s . 
R i l l marks r a r e l y occur in uni t-A of Morar Shale and uni t -C of 
Par Sandstone. Dendr i t ic channels are few mi l l imeter wide and 
extend up to 8 cm or so . This p a t t e r n appears i nva r i ab ly erased 
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in places by probably rise of water level and show a very low 
preservation potential. 
Swash Mark : 
Swash mark, though rarely preserved, have been described as thin 
wavy anastomosing ridges generally 1 to 2 mm wide v/ith broad 
convexity towards land and concavity towards water (Shrock, 
1948; Twenhofel, 1950). 
The origin of sv/ash marks is related to the energy of a wave 
v.'hich becomes expanded when it breaks. Follov/ing breaking, the 
oscillatory wave is transformed into a wave of translation and 
the water sweeps up the beach (swash) and then returns as a 
relatively thin sheet flow (back wash). The sediment scoured 
by swash is deposited as a step at the base of beach face. A 
careful study of unit-C of Par Sanastone and unit-A of Morar 
Shale reveals the presence of feeble traces of swash marks. 
Usually, thin wavy ridges are 1 to 2 mm high end extend up to 
7 cm or so in length, but in sandstone the length goes up to 
12 cm or so. These marks persistently shov; oppositely oriented 
convex and corresponding concave sides. 
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NON-DIRECTIONAL : 
Load 'Structure : 
The load structures occur as bulbous, buldged, knobby bodies 
varying to highly irregular protrusions of sand preserved on 
the lov/er side of sand layer that overlies soft shale or silt-
stone (Potter and Pettijohn, 1963, 1977). Such structures are 
designated as 'flow cast' (Kuenen, 1953 . ) , 'load folds' and 
'load pockets' (Sullwold, 1959). The term load structures is 
related to unequal loading (Dzulynski and Walton, 1965) because 
they are not formed by filling of pre-existing 'mould' and thus 
can never be regarded as 'cast'. Load structures differ in 
their irregularity, lack of symmetry and orientation forming 
irregular bulbous or mammillary features. 
Load structures have invariably been reported from any 
environment where sand has apparently deposited on a water 
saturated hydroplastic mud. More commonly they occur in flysch 
deposits, turbidite sequences and also in fluvial and intertidal 
flats (Reineck and Singh, 1973). AS regards to origin sinking 
of heavier sediment into lighter one is suggested to give rise 
to protrusions. The protruding material is commonly sand that 
has sunk down into the underlying soft mud (Kuenen, 1953 ..,; 
Kelling and VJalton, 1957; Kuenen and Prentice, 1957; Pettijohn, 
et al., 1975). 
66 
The load structure in the study area is associated with the 
Par Sandstone where there are shale intercalations' overlain 
by massive looking sandstone body giving rise to bulbous 
structures (Pl. VIII, Pig. A ) . Morar Shales shov/ well preserved 
load structures. In size and relief they generally range in 
diameter from a few centimeters to a few decimeters and 
generally occur as irregular to mammillary structures. 
Convolute Bedding : 
Convolute bedding is an enigmatic deformational sedimentary 
structure, it occurs in single bed of sand or silt, characterized 
by crumpling or complex folding of lamination, commonly into 
cuspate forms v/ith sharp anticlines and more gentle synclines 
(Kuenen, 1953 ; Potter and Pettijohn, 1963, 1977; Collinson 
and Thompson, 1982). These structures have also been designated 
in the past as 'crinkled bedding', 'slip bedding', 'curled 
bedding' and ' intra-stratal contortion'. The terms convolute 
bedding and convolute lamination are size related features, 
the former at the scale of decimeter or bigger, the latter at 
•the scale of centimeters. These structures are commonly recogni-
s'ed in vertical section. 
Convolution generally involves plastic deformation of partially 
liquified sediment soon after deposition. In the past several 
explanations have been given regarding origin but none appears 
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satisfactory. The differential pressure by the current flowing 
over ripples in hydroplastic mud yield convolutions (Kuenen, 
1953 .; McKee and Goldberg, 1969). Interstratal flow of 
liquified layers due to differential liquefaction has also • 
been suggested (Williams, 1960; Wunderlich, 1967 ) . The extra-
ordinary nature of folds appears to be due to vertical motion 
and rapid vertical transfer of material during sedimentation 
(Potter and Pettijohn, 1963, 1977). The liquefaction can be 
spontaneous as well as externally triggered. Convolutions 
commonly occur in turbidite sequence, river flood plains, 
tidal flats. On tidal flats liquefaction is generally aided 
by breaking v;aves or by the rise and fall of water table 
through the sediment. 
In the study area convolutions have developed mainly in fine 
grained, silty sandstone of channel fills. The structure is 
well seen in vertical section and rarely on bedding surface. 
Overturning of fold axes is uncomm.on and shows almost 
preferred orientation if present. The anticlines are more 
pointed and sharp. Whereas synclines are simple and rounded.The 
beds in which convolutions are preserved are undisturbed and 
u'ndeformed with lack of structures suggestive of slumping. The 
axial planes of folds show preferred direction of inclination 
which by and large coincides with palaeocurrent,suggesting that 
convolutions formed during deposition.The presence of convolution 
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in the study area is a clear evidence of rapid deposition. Such 
structures have limited potential of palaeocurrent indicators. 
Mud Crack : 
Mud cracks v;ith a variety of scale, shape and origin occur 
in fine clay-like cohesive material due to shrinkage and loss 
of water. These structures have also been named as 'sun crack', 
'desiccation crack' and 'shrinkage crack' by various v/orkers. 
In rocks, the cracks occur on the bedding surface of inter-
bedded, usually red sandstone-mudstone sequences. Such cracks 
in muddy sediments are invnri.ably infilled by coi~rse grained 
material like sandstone. The cracks commonly form polygons of 
different sizes with general tendency towards hexagonal pattern. 
In plan, the cracks appear generally parallel sided while in 
vertical section they generally taper downwards. 
The origin of mud cracks is related to drying out of an exposed 
muddy sediment giving rise to tensional stress that diminushes 
downwards from the surface. Later filling of cracks may occur 
due to influx of sediment laden agency. In the study area such 
cracks are, by and large, absent in Par Sandstone and occur 
rarely with interbedded shale bands. The cracks are generally 
of smaller in size in Morar Shales. In this unit, the cracks 
commonly form polygons of different sizes ranging from a 
fraction of centimeters to 8 cm across. TViin surface layers 
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of mud show the presence of small cracks appear to have been 
superimposed upon the mud cracks of relatively larger dimensions. 
On bedding surface the cracks are commonly gently concave-
upwards, v/ith downward-tapring form. Most of the mud cracks 
show ridge like patterns related to later filling of the 
sediments due to submergence. 
ORGANO SEDIMENTARY : 
Stromatolite : 
Stromatolites are structures th?t show fine lamination caused 
by the trapping and binding of material by algal mats commonly 
found in mud-size carbonate sediment. They have invariably been 
reported from Precarnbrian rocks but are also commonly found in 
Phanerozoic. The stromatolitic laminations are characteristically 
thin usually 1 m.m or less having extremely varied forms. Earlier 
such structures were recognised and various terms 'flat 
stromalite' (Textordsand Carrozi, 1966), 'cryptalgalaminate• 
(Aitken, 1967), 'planar stromatolite' (Howe, 1968), 'algal 
laminated* (Davies, 1970 b ) , and so forth, contributed to a 
good field description of them. Stromatolites characteristically 
show a great variety of shape and scale and usually occur in 
columnar or non-columnar forms. These algal mats show a range 
of morphological forms from flat sheets through various crinkled 
and pustular types well developed columns. 
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The origin of stromatolitic lamination is related to the 
trapping and binding of sediment by the mucilaginous filaments 
of algae which form mats growing on the sediment surface 
(Collinson and Thompson, 1982). In such process the sediment 
settles from suspension on to the mats and produces laminations 
due to variation in organic rich sediment supply. The algal mat 
binds the sediment and re-establishes itself after an episode 
of rapid deposition by growing through the sediment layer. 
Stromatolites of present day are commonly associated v;ith 
slightly elevated salinity in intertidal and supratidal settings. 
Hov;ever, similar environmental requirements particularly for 
Precambrian do not hold good as the widespread gro'.vth of algal 
mat seems to have been in absence of predators in a hostile 
environment and instead salinity, only availability of water 
and sunlight was enough for algal mat growth. 
In the study area Morar Limestone(unit-B) revealed the presence 
of stromatolite at a number of places like Nimchandhona and 
Aawaspur Hill (Tilak Nagar) in carbonate rock. The thickness 
of individual laminae ranges from 1-20 mm and appear to have 
an arrangement similar to head like laterally linked and isolated 
concentric stacks (Pl. VIII, Figs, B andC ). in the field, the 
stromatolites appear spherical to almost well rounded, commonly 
up to few centimeters in diameter, often with slightly raised 
shape. Internally they show a roughly concentric pattern of 
fine lamination. Attempts, to use stromatolites as a basis of 
environmental significance,have been made elsewhere in detail. 
CHAPTER-III 
PETROGRAPHY 
Present chapter deals mainly with the petrographic description 
of the sandstones and carbonate rocks of Gwalior Supergroup in 
the study area with a view to determine the qualitative and 
quantitative study for the elucidation of the source terrain 
and the probable geologic history of the Gwalior sequence. 
Provenance studies in the ancient detrital sequences commonly 
are undertaken through petrographic analysis of component sand-
stone beds. Such studies attempt to deduce the lithic character 
of the source areas and indirectly, make inference concerning 
palaeogeography and relief. Though, the compositionally super-
mature sandstones of the study area show too little of inter-
sample variability to be of much use for the•interpretation of 
depositional set up nevertheless, the presence of recycled 
pediment has invariably contributed to the knowledge of deposi-
tional history of the rocks. Limestones make up only small 
fraction of the total volume of sedimentary rocks around 
Gwalior. Despite their small volume, however, they are of 
considerable geologic interest. On the contrary, presence of 
subtle texture of carbonate microfacies has added much about 
the related set of specific subenvironments. The shale samples, 
due to extreme fine grained nature, could not be sufficiently 
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analysed for accurate grain size and roundness estimation in 
thin section. The overall petrographic study was set up to 
determine the regional variation of mineral assemblages necessary 
for the elucidation of probable geologic history and relationship 
with lithic character of source area. 
PETROGRAPHY OF G^fALIOR SANDSTONES : 
Detailed thin section analysis of sandstones under microscope 
like size and roundness, mineral composition of detrital grains 
and diagenetic features like condensation, pressure solution, and 
authigenesis has been made to develop a relationship v;ith the 
nature of pre-existing rocks in the provenance. Extensive silica 
cementation has made the Gwalior sandstones highly indurated and 
resistant to disaggregation thus thin section technique was 
employed to avoid grain fracture, in particular, attention was 
focussed upon sandstone and majority of the samples analysed 
include those of Par Sandstone. 
Methods : 
Attempts were made to collect unweathered sandstone samples from 
representative sections of a wide range of Gwalior rocks, during 
the field season. Out of conceivably collected only 150 sandstone 
samples were selected for preparing the thin sections for detailed 
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petfographic study. Only 20 samples of Morar Shale were selected 
for thin section analysis. These samples were obtained from almost 
equally spaced' stations in such a way.to bring about a uniform 
coverage, both areally and vertically of the two formations. All 
the thin sections were examined for a preliminary rapid estima-
tion of their petrographic characters. Samples of various grain 
sizes were examined, but preferably medium-grained or coarser 
sandstones were chosen for petrographic comparisons in order to 
eliminate possible compositional variation caused by grain size. 
Despite the petrological importance the unusual bulk composition 
shov.-s very little inter-sample variability in the characteristics. 
Of the sandstone, the orthoquartzites are the most voluminous, 
comprising up to 90 per cent of the quartz in the sandstone facies 
shov/ing almost no significant change in detrital minerals and 
their percentage in various samples. For these reasons further 
detailed study of a large number of samples was deemed unnecessary. 
Out of a total of 150 samples, 48 samples of sandstone v/ere 
prepared and examined for grain size analysis, compositional and 
diagenetic features v/ith a standard petrographic microscope. 
Techniques and Data Processing : 
The thin section analysis was carried out with the help of point 
counter (ELTINOR-4) and micrometer eye piece with the presumption 
that these grains bear a relationship with their sieve size 
equivalents. In the present study, for thin section grain size 
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analysis, method by Friedman (195 8) was cJbviously preferred to 
correlate size estimates of. Par Sandstone. Random traverses were 
taken for measuring long axes of quartz grains and 200 to 300 
grains count was made following Chayes'(1949) point counting 
technique. Preferably detrital quartz grains only with distinct 
regular boundaries were considered for analysis. Grain diameter 
measurements in millimeters v/ere converted to phi scale with the 
help of Page's (1955) conversion table. The grain size data of 
each sample, grouped in phi classes, are listed in Appendix-V. 
Frequency percentage of grains falling in phi classes was plotted 
against each successive count. The average mechanical composition 
of sandstone is plotted in the form of a composite histonram 
(Fig. 8B) based on aggregated grain size data. Cumulative frequency 
curves and histograms (Figs. 6 and 7) were plotted, to determine 
sieve equivalents of various percentiles (Appendix-V), on graph 
prepared by Friedman (1953). Following Folk and Ward (1957) and 
Folk (1980) statistical parameters, for each sample, v;ere 
calculated (Appendix-IV). Summary of the size frequency distribu-
tion is given in Table-IV. For determination of roundness detrital 
quartz grains with distinct outlines generally marked by thin 
iron oxide coating and in which the pressure solution effect 
was almost negligible were taken into account for more accurate 
results. Only 60 grains (on average) v/ere employed, per thin 
section, for roundness estimation due to such limitations. For 
a uniform coverage of thin section area, Chayes' (1949) point 
counting technique was-employed. Grain roundness was determined 
75 
Z 
o 
I -
(/) 
Q 
< 
CO 
o 
_J 
< 
5 
X 
a. 
N 
— </> 
o 
O 
UJ 
O 
X 
t/) 
</) 
i j j 
> 
o: 
3 
a 
Z5 
ID 
a 
iN30b3d ADNinoayd 3 A i i v i n w n 3 
76 
1 0 0 -
I-
z 
bJ U 
a 
w 
0. 
>• 
u 
z 
ui 
D O 
bi 
a 
UI 
> 
< 
3 
2 
3 U 
lOO 
3 4 5 O I 2 
GRAIN SIZE IN PHI UNITS 
4 3 
FIG. 6 CUMULATIVE ^CURVES SHOWING SIZE COMPOSITION OF 
GWALTOR SANDSTONE 
77 
and classified according to six classes ranging from 'very angular 
to 'well rounded' suggested by Powers (1953). Despite operators 
biasness the method appears simple and reasonably accurate as 
compared to the other methods (Russel and Taylor, 19 37; Krumbein, 
1941;. Wadell, 1953; Waskom, 1958; Pettijoh, 1984). The arithmetic 
mean roundness of the sample was determined following the method 
used by Krumbein and Pettijohn (1938) taking into account 
aggregated roundness data. The average roundness is represented 
by a composite histogram (Fig. SB). 
Grain Size Analysis : 
During the last eight decades or so, a variety of methods and 
techniques for grain size determination were adopted from time 
to time (Vv'entworth, 1922 c; Krumbein, 1934; Krumbein and 
Fettijohn, 1965; Stauffer, 1965; Friedman, 1965; Visher, 1969). 
However, the statistical parameters proposed by Folk and Ward 
(1957) and Folk (1980) have conveniently been used in the present 
study. 
Mean Size (Mz) : The mean size represents the central tendency 
or the average of the sediments. The mean size depends on the 
average kinetic energy (velocity) of the depositing agent and 
also on the size distribution of the grains at source area. The 
following statistical formula was, used for determination of mean 
size . 
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MZ = ^ 
Standard Deviation ( -^. ) : Standard deviation is given by the 
formula - ^^^ ~ ^^^ + ^^^-^^-r^> This formula includes 90% of 
4 6 . o 
the d i s t r i b u t i o n and i s the b e s t ove ra l l measure of s o r t i n g . 
I t i s simply the average of (1) the standard dev i a t i on computed 
frorr. j2fl5 and j384 and (2) the s tandard dev ia t ion as computed from 
j2f5 and i395. Since t h i s inteirval (from 5 to 95%) embraces 3.30 
the standard dev ia t ion i s found as (j?95 - p^5)/3.30. The two are 
simply averaged t oge the r . 
The verbal scale of measuring standard devia t ion i s as follov/s -
under 0.35 very well so r ted 
0.35 - 0.50 well sor ted 
0.50 - 1.00 moderately sorted 
1.00 - 2.00 poorly sorted 
2.00 - 4.00 very poorly sorted 
over 4.00 extremely poorly sorted 
Skewness (Sk:^ ) : Skewness is geometrically independent of sorting 
and shows the predominance of coarse or fine admixture. It denotes 
the symmetry of grain size frequency distribution. The following 
numerical was used to determine the skewness. 
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^16 + jd8A' - 2^50 05 + jS95 - 2050 
^^1 " 2(j2f84 - j ^ i e ; "^  2(JZ!95 - j2f5) 
The s y m m e t r i c a l c u r v e s h a v e Sk^ = z e r o v a l u e . The f o l l o v / i n g a r e 
t h e v e r b a l l i m i t s of S k , . 
Sk^ = -1.00 to -.30 
Sk^ = -.30 to -.10 
Sk^ = -.10 to +.10 
Sk^ = +.10 to +.30 
Sk^ = +.30 to +1.0 
very negative skewed 
negative ske^ .'/ed 
nearly symmetrical 
positive skewed 
very positive skev/ed 
Kurtosis (K^) : Kurtosis is used as the ratio of the sorting in 
the extremes of the distribution compared with the sorting in the 
central part. It denotes peakedness of the curves. The formula 
used for its determination is as follows : 
K^ = 
095 -05 
2.44(075 - 025) 
The following are the verbal limits of kurtosis (K_) 
G 
K = under 0.67 
K = 0.67 - 0.90 
K^ = 0.90 - 1,11 
K^ = 1.11 - 1.50 
K^ = 1.50 - 3.00 
K^ = over 3.00 
very platykurtic 
platykurtic 
mesokurtic 
leptokurtic 
very leptokurtic 
extremely leptokurtic 
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PETROGRAPHY OF GWALIOR SANDSTOI;<IES : 
Texture 
Since in the area there is only one prominent sandstone formation, 
the textural analysis of 48 samples was obtained for determining 
size distribution. Table-lV shows the distribution of sandstone 
samples occordiny to various characteristics of the grain size 
distribution. Most of these samples, 45 possess the unimodal size 
frequency distribution in which the modal class contains 34.5 to 
83.0 per cent (average 53.75 per cent) of the size data. In the 
remaining thr'ee i^araples distribution is bimodal and two of them 
contain 42.0 per cent and other 45 per cent of size data. The 
generalized grain size distribution of Par Sandstone based on 
aggregated data of all the 48 samples is shovm in (Fig. 8B) . The 
aggregated distribution is unimodal and the modal class lies in 
2.0^ - 3.0j2! class (fine sand). The modal class contains 33.0 per 
cent of the aggregated size data. The distribution is positively 
skewed (Sk^ = 0.27) indicating en admixture of fine sand and 
finer material is predominant that of the medium sand and coarser 
sand. 
The graphic mean size (Mz) of various samples ranges from 1.4 3^ 
to 3.10i2f (medium to very fine sand) but in majority of the 
samples 37 fall within the fine sand limits. The inclusive 
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TABLE-IV 
D i s t r i b u t i o n o f S a m p l e s o f G w a l i o r S a n d s t o n e s A c c o r d i n g 
t o G r a i n S i z e C h a r a c t e r i s t i c s 
NATURE OF DISTRIBUTION 
T y p e o f D i s t r i b u t i o n U n i m o d a l B i m o d a l 
Number o f S a m p l e s 45 3 
POSITION OF MODAL CLASS 
P h i C l a s s C o a r s e S a n d Medium S a n d F i n e S a n d V e r y F i n e C o a r s e S i l l 
S a n d 
( 0 . 0 1 - 1 . 0 ) ( 1 . 0 - 2 . 0 ) " ( 2 . 0 - 3 . 0 ) ( 3 . 0 - 4 . 0 ) ( 4 . 0 - 5 . 0 ) 
N u m b e r o f 
S a m o l e s - ^9 2 3 6 -
FREQUENCY PER CENT IN MODAL CLASS 
F r e q u e n c y P e r c e n t a g e 3 0 - 4 0 4 0 - 5 0 5 0 - 6 0 6 0 - 7 0 7 0 - 3 0 8 0 - 9 0 
Number o f S a m p l e s 12 22 6 3 4 1 
GRAPHIC rCAN (Mz,.) 
P h i C l a s s 1 . 0 - 2 . 0 2 . 0 - 3 . - 0 3 . 0 - 4 . 0 
N u m b e r of S a m o l e s 7 37 4 
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TABLE-IV ( c o n t d . ) 
INCLUSIVE GRAPHIC STA T^DARD DSVIATIQIT ( <^^) 
V e r b a l C l a s s i - Well S o r t e d M o d e r a t e l y M o d e r a t e l y P o o r l y 
f i c a t i o n S c a l e Vlell S o r t e d S o r t e d S o r t e d 
V a l u e s i n P h i u n i t s 0 . 3 5 - 0 . 5 0 0 . 5 0 - 0 . 7 1 0 . 7 1 - 1 . 0 1 . 0 - 2 . 0 
Number of Samoles 9 19 15 5 
IMCLUSIVS GRAPHIC SKEW J^BSS (Sk.j_) 
V e r b a l C l a s s i - S t r o n g l y F i n e N e a r l y C o a r s e S t r o n g l y -
f i c a t i o n S c a l e F i n e Skev;ed Syr.irae- Skewed C o a r s e d 
t r i c a l Skev'/ed 
S K ^ LXiTii'CS 1 . 0 
t o 
0 . 3 0 
0.3C 
t o 
0 . 1 0 
0 . 1 0 
t o • 
- 0 . 1 0 
- C . I O 
t o 
- 0 . 3 0 
- 0 . 3 0 
t o 
- 1 . 0 
Number of Samples 11 16 12 
GRAPHIC KURTOSIS (K^) 
Very 
V e r b a l C l a s s i - P l a t y x u r t i c Mesckur-c ic L e p t o k u r t l c L e p t o k u r t i c 
f i c a t i o n S c a l e 
K^ L i m i t s 0 . 6 7 - 0 . 9 0 0 . 9 0 - 1 . 1 1 1 . 1 1 - 1 . 5 0 1 . 5 0 - 3 . 0 0 
G 
Number of Samples 12 20 14 2 
88 
graphic standard dev ia t i on ( <^ .) v a r i e s from 0.44J? to 1.51j? and 
on the bas i s of these values most of the samples 9 are well 
so r t ed , another 19 moderately well s o r t e d , 15 moderately sorted 
and remaining 5 are poorly so r t ed . The values of the inc lus ive 
graphic skewness (Sk^) range from -0 .60 to +0.86 and these values 
i nd i ca t e a large number of samples (16) show fine skewed d i s t r i -
but ion whereas 12 are near ly symmetrical , 11 s t rongly f ine 
skev/ed, 5 coarse skewed and remaining 3 are s t rongly coarse 
skev/ed. On the bas i s of the graphic ku r to s i s (K^) values range 
from 0.44 to 1.84, in which a large majori ty of samples 2 0 are 
mesokurt ic, 14 l e p t o k u r t i c , 12 p l a t y k u r t i c and the remaining 
2 are very l e p t o k u r t i c . 
Grain Roundness : 
The roundness of the detrital quartz was determined and tabulated 
in the six classes of Powers (1953). The roundness data and the 
mean roundness of individual sample is presented in Table-V 
(Fig. 9 ) . For roundness estimation a total of 2879 quartz grains 
were examined in thin sections of the 48 sandstone samples. The 
distribution of roundness values in the individual samples is 
largely unimodal and only 8 samples shov/ bimodal distribution. 
The modal class,in a majority of samples (44 out of 48), lies in 
the subrounded class, and the remaining 3, in which 2 are located. 
in the rounded class, and the 1 lies in the subangular class, ' 
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The mean roundness (Ma) ranges from 0.31 (subangular) to 0.59 
(rounded) and averages 0.44 (subrounded). The mean roundness 
values of 29 samples fall in the subrounded class, 14 in the 
rounded class, while the rest of 5 came in the subangular class. 
The aggregated roundness values of the samples show a unimodel 
distribution (Fig. 8A) in which the modal class lies in the sub-
rounded class and contains 30.58 per cent of the total aggregated 
values. The skewed nature of the distribution indicate the 
admixture of subrounded and rounded grains. 
Grain Shape : 
The grain shape is a complex property and it is difficult to 
describe shape precisely except for grains that approximate 
regular geometrical shapes (Blatt, et al., 1980). Generally, 
the quartz grains show slight elongation. Thus the ratios of long 
to short axes were measured with the help of micrometer eye piece 
Bokman (1952). In each thin section 100 grains vjere measured. 
Therefore, it became necessary to select a few among the quairtz 
grains with a long axis. The ratio were grouped into classes 
with an interval of 0.2 for the required degree of precision. 
The spread of detrital quartz_ grains in eight classes was as 
calculated and the average elongation ratio was represented by 
a composite histogram (Fig. 8C). The data of elongation of 22 
samples for the shape study are listed in Appendix-VI. The 
composite histogram shows almost a unimodal distribution, in 
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FIG. 9 HISTOGRAMS SHOWING ROUNDNESS OF GWALIOR SANDSTONE 
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which modal class lies in 1.0 to 1.2 with 28 per cent of values anc 
only 13 per cent grains show elongation ratios larger than 1.8. 
Modal Composition : 
The volumetric modal composition of 48 samples of Gwalior Sand-
stone is given in Table-VI. The sandstone is mainly composed of 
quartz that ranges from 80.00 to 95.00 per cent by volume. 
Quantitatively feldspars are almost negligible and very little 
clayey matrix is occasionally present. This composition reveals 
that the sandstone belongs to --nature clean and purest variety 
ana thus can be classified as 'orthoquartsits' type (Krynine, 
1948; Folk, 1954; Pettijohn, 1954, 1980; Hubert, I960; Dickinson, 
1982; Michael, 1985). Because quartz has a lion's share of the 
detrital constituents, considerable attention v/as paid and 
distinct varieties were recognised in thin sections. Terminology 
of Folk (1980) has been followed for the description of several 
varieties of quartz grains in the present study. 
•Common Quartz' : 
Approximately 50 per cent of the detrital quartz, in most of 
the thin sections, belongs to the igneous type 'common quartz*. 
The quartz grains are generally monocrystalline type. Most of the 
grains are clear without any inclusion (Pl. IX, Figs. A and B).. 
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TABLE-VI 
V o l u m e t r i c Model C o m p o s i t i o n of G w a l i o r S a n d s t o n e s . 
COMPOSITION 
S . F e l d s p a r Q u a r t z Rock C h e r t A c c e s s o r y Cement 
No. F r a g m e n t s 
7 . 3 
5 . 6 
6 . 4 
2 . 2 
1.6 
5 . 4 
5 . 8 
2 . 9 
4 . 6 
5 . 6 
1.0 
5 . 0 
0 . 8 
1.0 
0 .6 
0 . 4 
3 .2 
2 . 5 
2 . 8 
2 . 4 
4 . 4 
1 .0 
4 . 0 
5 . 6 
4 . 4 
1 .4 
•2.0 
1 
5 
7 
10 
12 
14 
17 
19 
21 
23 
25 
29 
33 
35 
38 
42 
45 
47 
50 
53 
55 
59 
63 
65 
66 
69 
71 
72 
1.6 
1.4 
1.2 
1.4 
1.0 
1.2 
1.6 
0.4 
1.2 
2.2 
0.0 
0.8 
1.2 
0.4 
0.0 
1.2 
1.4 
1.0 
0.8 
0.0 
0.0 
0.8 
1.8 
0.6 
1.0 
1.4 
0.0 
1.6 
81.9 
85.2 
80.0 
83.6 
84.2 
88.4 
83.0 
91.3 
84.4 
80.8 
94.4 
87.6 
84.4 
88.6 
95.0 
90.2 
84.2 
85.1 
80.6 
86.8 
84.4 
87.0 
80.6 
88.4 
83.2 
90.0 
92.6 
81.3 
3.2 
3.8 
6.4 
7.0 
6.0 
1.4 
2.0 
1.2 
1.0 
4.6 
1.2 
1.6 
2.6 
2.4 
1.0 
1.4 
2.4 
3.0 
7.4 
3.4 
3.4 
5.2 
4.8 
1.6 
4.6 
3.6 
1.2 
3.8 
1.4 
1.8 
1.6 
0.8 
2.4 
1.2 
4.4 
0.4 
5.2 
2.6 
1.4 
2.6 
4.0 
1.2 
1.0 
0.6 
3.8 
2.8 
5.0 
4.8 
1.8 
1.4 
5.0 
1.2 
2.8 
3.0 
0.6 
4.0 
4.6 
2.2 
4.4 
5.0 
4.8 
2.4 
3.2 
3.8 
3.6 
4.2 
2.0 
2.4 
7.0 
6.4 
2.4 
3.2 
5.0 
5.6 
3.4 
2.6 
6.0 
4.6 
3.8 
2.6 
5.0 
2.0 
3.6 
3.2 
( c o n t d . ) 
1 0 0 
. T A B L E - V I _ l c o n t d ^ i . 
COMPOSITION 
S . N o . F e l d s p a r Q u a r t z Rock C h e r t A c c e s s o r y Cement 
F r a g m e n t s 
75 1.2 8 5 . 4 2 . 8 2 . 6 
78 0 .6 8 0 . 0 7 . 2 6 . 6 
80 1.0 8 0 . 0 6 . 4 4 . 0 
83 1.6 8 0 . 2 4 . 4 3 . 0 
85 1.2 8 4 . 2 2 . 8 2 . 6 
89 1.8 9 2 . 6 1.2 2 . 2 
92 0 .6 9 3 . 8 1 .8 1.2 
102 1.0 8 9 . 0 2 . 4 2 . 0 
107 1.4 9 5 . 0 1.0 1.2 
112 0 . 8 9 0 . 2 2 . 4 2 . 6 
115 1.2 8 6 . 8 5 .2 3 .0 
119 0 .4 9 5 . 6 1.2 1.0 
125 1.4 8 2 . 8 3 . 6 1.2 
130 1.2 -89 .4 1.4 4 . 0 
134 0 . 0 9 4 . 4 1.0 1.2 
139 1.4 8 5 . 2 3 . 6 2 . 0 
142 1.2 9 0 . 0 1.4 2 . 8 
145 1.0 8 6 . 4 3 . 4 3 . 8 
147 1.2 8 0 . 0 6 . 4 1.6 
150 0 . 0 9 4 . 8 1 .0 1.2 2 . 0 1 .0 
6 
4 
3 
6 
7 
3 , 
1, 
1, 
0 
1, 
2 . 
0 . 
3 . 
2 , 
1 . 
2 . 
3 . 
2 . 
4 . 
. 0 
. 0 
. 6 
. 6 
. 2 
. 0 
. 6 
. 8 
. 8 
.2 
.2 
. 8 
,8 
,8 
,8 
,2 
,2 
,2 
A 
2 
1 
5 
4 
2 
1 
1 
3 
0 
2 
2 , 
1 , 
7 . 
1 , 
2 . 
5 . 
1 . 
3 . 
6 , 
. 0 
. 6 
. 4 
. 2 
. 0 
. 0 
. 0 
. 8 
. 6 
. 8 
. 6 
.0 
.2 
.2 
,0 
,6 
,4 
,2 
,4 
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such grains are typically colourless and show wavy extinction. 
Dusty quartz grains contain minute clouded Inclusions of opaque 
and transparent minerals which are not easily distinguished under 
low magnification. Common quartz shows straight to slightly 
undulose extinction (less than 5 ) . Inclusions of heavy minerals 
like tourmaline, zircon and rutile frequently occur in quartz 
grains (Pl. IX, Fig. C and D ) . 
'Stretched Metamorphic* Quartz : 
This type of quartz comes second in order of abundance and 
makes up around 30 per cent by number of the total grains. 
Polycrystalline grains shov/ elongated and lensoid sub-individuals 
with sutured boundaries and strong undulose extinction (PI. X, 
Fig. A ) . The 'stretched metamorphic' quartz grains show ample 
inclusions which give dusty and hazy appearance to the individual 
grain. The degree of undulatory extinction in most of the quartz 
grains generally ranges from 3 to 5 and even up to 2 0 . Few 
monocrystalline grains of stretched metamorphic type have been 
observed which differ from common variety having abundant 
fractured, elongated shape and highly undulose extinction 
(PI. X, Pig. B ) . 
•Recrystallized Metamorphic' Quartz : 
Generally the 'recrystallized metamorphic' quartz ranges from 
6 to 8 per cent of the detrital constituents. It shows straight 
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boundaries between equant interlocking grains which comprise a 
mosaic of very fine grains to microcrystailine sub-individuals 
(PI. X, Fig. E ) . The equidimensional grains show straight extinc-
tion and different optic orientation. The recrystallised grains 
of quarts .lave a small amount of inclusions like mica and micro-
cline (PI. X, Fig. C ) . 
'Rev/orked Sediiaentary' Quarts : 
'Reworked sedimentary' quartz grains are uncommon and nearly 
5 percent af detrital -Trains ba-lcn.7 to this v-rie':'/ of I'jartz. 
Ti"i'^ * r''-'^^ IT '^  "1 '~ ~ •, i •'^•'^  Pi t' " r' ^  * .-<. - ^, T--^ - ^  ^ ^  — ^  ^ ,^- _ y-.^^ ^^  ,_,_^  v- -^  ] i^ .^  ^ u d ro'.^* ^ c l e 0 
to roundea (Pl. X, Fig. D) e:r.i;ossed -,;ith ample evidence of 
recycling of sediments prior to deposition. Few grains show more 
than one apisode of transpor-carion and possibly ..ay >.ave passed 
tnrough mora than one repeated cycles of erosion ana depo.sicion. 
It is significant: that th.e quartz overgrov/tn in such grains occur 
in optical continuity with the original detrital quartz grain 
despite, .haemLatite dust helps in making out the boundary between 
overgrowth and original detrital quartz grains. 
Feldspar : 
The occurrence of the feldspar is uncommon in the Par Sandstone 
although it constitutes only 0.4 to 1.3 per cent of rock by 
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volume but in some thin sections, it is found only in traces. 
Feldspars occur in these sandstones in .tvv-o forms. In the first 
type feldspars occur with rounded to subrounded grains and in 
the second type exhibit sharp crystal outlines v/ith perfect 
development of one to two sets of cleavages with abraded edges. 
In a few thin sections two or three grains of orthoclase and 
microcline have been observed almost trapped in angular to 
subangular quartz grains (Pl. XI, Fig. A and E ) . 
Chert : 
Chert is invariably present in the Par Sandstones as sub-rounded 
to rounded detrital grains of a little smaller size than the 
accompanying quartz grains. It ranges from 0.4 to 5.2 per cent 
of rock by volume. The colour of the chert is generally grey. 
The grains show an aggregate of microcystalline granular 
structure under the high magnification. Colourless to pale, 
pale-brown chert also occurs in the appreciable amount in a few 
thin sections (Pl. XI, Fig. C ) . 
Rock Fragment : 
Rock fragments constitute 3.16 per cent of the rock by volume. 
The notable irock fragments have been grouped into three classes 
namely igneous, metamorphic and sedimentary types. 
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The rock fragments of igneous origin mainly include the fragments 
of granite. Fragments of met^morphic quartzitic quartz composed 
of many original quartz grains combine together to form a 
compact aggregate (PI. XI, Fig. D) and chert. The contacts of 
original quartz grains of metamorphic quartzitic quartz are 
sutured. Their original boundaries can only be recognised by 
optical orientation of the individual grains of the aggregate. 
Almost all the aggregates are free from impurities. Quartzitic 
rock fragments are entirely restricted to medium grained sand-
stone (PI. XII, Fig. A ) . 
The rock fragments of sedimentary genetic group include the 
fragments of metasedimentary quartzite, chert and ferruginous 
shales . The alternating bands of ferruginous material with the 
stained quartz grains are observed in the field of the thin 
sections. 
DIAGENESIS : 
Diagenesis involves in all those changes which take place after 
the deposition of sediments at normal pressures and temperatures. 
Thus, they are responsible for the modification of the texture, 
structure and mineral of a sediment. The diagenetic features 
exhibited by sandstones include condensation and pressure 
solution, cementation and replacement. 
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Condensation and Pressure Solution : 
The process of the solution of quartz at the point of grain 
contact under the stress is knov/n as pressure solution. Pressure 
solution is an important factor which is responsible for minimi-
zing the porosity and producing tight packing of grains. Due to 
this process, the grains may acquire progressively straight, 
concavo-convex and sutured contact (Siever, 1959). Following 
Thompson (1959) on the basis of packing of grains the condensation 
of sandstone has been classified into four categories : (1) unpre-
solved (2) slightly presolved (3) moderately presolved and (4) 
highly presolved type. 
The unpresolved sandstone show their primary fabric and normal 
framework in which detrital grains are in tangential contact 
v;ith each other. Abundant silica cement in such cases fills up 
the available primary pore spaces (PI. XII, Fig. B ) . The slightly 
presolved sandstones show long contact of the grains and mild 
effect on the framework. The amount of silica cement decreases 
due to decrease in primary porosity consequent upon slight 
condensation. The moderately presolved sandstones show a further 
step towards condensation marked by inter-penetration of grains 
resulting in concavo-convex grain contacts. Little silica cement 
is notable as the primary porosity has severely decreased. The 
highly presolved sandstones are less common in the study area, 
have acquired a truly deformational fabric with the deformed 
106 
original grain boundaries shov/ing sutured contacts (Pl. XII, 
Fig. C ) . 
Cementation : 
The most commonly observed cementing material is silica apart 
from a minor amount of ironoxide. The siliceous cement has been 
deposited as overgrowth on detrital quartz grains which exhibit 
perfect crystal boundaries (Pl. XII, Fig. D ) . Large number of 
quartz grains are packed and cemented together as a crystalline 
aggregate. Orthoquartzite type of sandstones are hard and compact 
mainly due to the presence of silica as ce.ricnting material. Cement 
in the form of secondary overgrov/th seems to have originated in 
the last stages of development- preferably due to compaction and 
induration. By and large, the proportion of cement is very low 
as compared to the detrital constituents. 
Ironoxide cement generally forms a boundary line of the detrital 
quartz grains and thus separates the nucleus from the secondary 
rim. This shows that the coating of ironoxide cement is post-
depositional. 
Heavy Minerals : 
The dominant species of heavy minerals observed" in thin Sections 
of sandstone include tourmaline, zircon, rutile and opaque in 
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order of abundance. Less stable species of heavy minerals include 
.hornblende, mica, chlorite, magnetite and haematite. The nature 
of the distribution of heavy minerals and their amount is variable 
in different samples. In most of the samples they have been found 
scattered randomly and their amount hardly exceeds one per cent 
by number of the total grains in a sample. The following brief 
description of individual he^vy mineral relates to occurrence 
and nature of each type. 
Tourmaline : 
Tourmaline is pleochroic and shows colour variation ranging from 
pale brovm to dark brown. It is most abundant and seem to form 
subrounded to rounded grains. Grains rarely show authigenic 
overgrov/th. Tourmaline occurs in a variety of shapes ranging 
from globular to prismatic euhedral forms. There is no marked 
difference in the size, shape and roundness of grains in various 
thin sections. 
Zircon : 
Zircon lies next in order of abundance. The grains are smaller 
than the associated tourmaline grains. On the basis of the 
colour, three types of zircon grains are identified where 
colourless variety is predominant while rest of two include 
Yellowish brown and pink variety of zircon. The shape of the 
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zircon varies from perfectly globular, ellipsoidal to prismatic, 
euhedral with occasional rounded edges. 
Rutile : 
Most of the rutile occurs as rounded grains and colour variation 
ranges from dark brown to golden yellow. The grains are genera-
lly free from inclusions and characterized by very high relief. 
Mica, Chlorite and Hornblende : 
Three constituents of heavies namely muscovite, chlorite and 
hornblende are rare. Muscovite occurs as colourless, sharp 
prismatic crystals with well defined cleavage. Chlorite and 
hornblende grains are generally subrounded to rounded. 
Ooaque Minerals : 
The grains of magnetite and haematite are generally rectangular 
and subangular to subrounded in shape and show reddish ferrugi-
nous coating. 
Glauconitization : 
Glauconite occurs in the thinly bedded Par Sandstone and Mofar 
Shales in the study area. It is generally associated with clay 
109 
fragments. Moreover glauconite bearing sediments are predomin-
antly related to silicate iron-formation. It is bright green 
in colour but some grains appear light greenish yellow to grass 
green often brovmish and yellowish perhaps due to oxidation. 
Glauconite is generally flaky and individual flakes show variable 
sizes often as big as the detrital quartz grains. Commonly they. 
are of small size generally seen scattered randomly in the inter-
spaces between the quartz grains.Flakes often shov; faint cleavage 
and feebly developed pleochroism. 
Glauconite generally occurs in many quartz-rich sandstones seem 
to be deposited in a somev.-hat current-agitated environment. 
Interestingly glauconite has also been reported to occur finely 
divided a^nd disseminated in some shales (Hadding, 1932; Cloud, 
1955). iMuch has been written in recent years on the origin of 
glauconite. It is formed only in marine waters of normal salinity 
under slightly reducing conditions. Takahashi and Yogi (1929); 
Gildserleeve, (1932); Cloud (1955); and Burst (1958 a, b) 
suj-gest that its formation is facilitated by organic matter. 
Recent observations have revealed that glauconite is also 
formed by alteration of mud fillings of foraminiferal tests 
(Ehlmann, et al., 1963). Gallihar (1935 a, b) believed that it 
develops as a result of submarine alteration of biotite. His 
conclusions are based mainly on tv/o aspects as biotite-rich 
sands have been found to grade into mixed glauconite-mica silty 
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sands and structure of unit cells of biotite and glauconite 
appear very similar. Burst (1958 a, b) proposed an excellent 
model for the formation of glauconite and suggested that 
irrespective of the nature of parent material, the essential 
conditions for glauconitization include availability of silicate 
lattice, supplies of potassium and iron, and a favourable 
oxidation potential. Glauconite seems to be formed under marine 
conditions through submarine metamorphism under anerobic or 
reducing conditions. Hower (1961) and Srivastava (1966) confirmed 
the truth and v,;ide applicability of Burst's conclusions. 
In the study area glauconitic thin bedded sandstones and shales 
are usually associated with the presence of ferruginous content. 
Almost similar type of occurrence has been described by 
Srivastava (1966) and Ehard^ ^^ aj (1972). In all probability the 
clay fragments provided the silicate lattice, potassium and 
iron was available from the sea waters, and thus glauconite 
was formed under favourable oxidation reduction potential. 
PETROGRAPHY OF CARBONATE ROCKS I 
Carbonate rocks generally are quite complex because of the 
varied constituents that form them and the amount of replacement 
and recrystallisation they undergo and for this thin section, 
the best all-round method proved very useful to study textural. 
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compositional and diagenetic characteristics of such rocks in 
the study area. Fresh samples from representative sections of 
Morar Limestone were collected and 100 thin sections were 
prepared for the detailed petrographic study. 
Constituents ; 
Disregarding admixture of terrigenous sand, silt, and clay 
the main petrographic constituents of carbonate rocks of the 
study area include micrite, sparry calcite and carbonate silt. 
Microcrystalline ooze between 1-4 microns in diameter has been 
designated as micrite (Folk, 1980). Micrite is polygenetic, 
formed as a result of inorganic chemical precipitation in I'/arm, 
shallow, saline v/ater or by disintegration of organism giving 
rise to biochemical precipitation of aragonite ooze and its 
subsequent incipient recrystallisation and inversion to calcite, 
Indeed, micrite is microcrystalline carbonate, and may also 
result as diagenetic product formed by grain diminution process 
often termed as micritization (Pettijohn, 1975) . 
Coarsely crystalline calcite, with the crystals over 10 microns 
in diameter, often designated as 'spar', is sometimes found to 
occur in carbonate rocks.' It is distinguished from micrite by 
well defined boundaries and clarity. It generally occurs as 
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pore-filling cement. The coarseness of spar is thus, related 
directly with the size of the intervening pores. 
Current deposited carbonate rocks, made up of fine grained 
carbonate material with grains from 0.031 mm to 0.062 mm are 
designated as carbonate silt. The ambiguity between the angular 
and elongated grains is supposed to have formed by grain growth 
or neomorphism (Bathurst, 1958, 1959; Folk, 1965). The detrital 
grains,have been reduced almost to nil as revealed by certain 
close observations. Under microscope the carbonate grains show 
no irregularity due to grain growth. Moreover silt-sized" carbonate 
grains are interlayered v;ith micrite. The presence of cross-
lamination is a characteristic feature showing depositional 
control on fine carbonate sediment indicating the clastic 
nature of carbonate silt. 
Microfacies : 
The purpose of the following description is to enumerate the 
presence of microfacies recognised in thin sections of the 
carbonate rocks of the study area. 
Unit-A : Argillaceous Mudstone : In hand specimen the hygro-
scopic argillaceous carbonate rock appears dark brown to rust 
coloured due to the presence of fragments of underlying calca-
reous shales. The broken worn out fragments are not completely 
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consolidated and appear weakly packed in dense limestone. Mud 
supported grains give rise to slightly compact framework. 
The intrasparrudite microfacies has been recognised in unit-A 
of Morar Limestone. Penecontemporaneous and weakly consolidated 
sediments show almost rounded outlines and firm boundaries. With 
all probabilities the sediments eroded from the underlying 
calcareous shales seem to have been redeposited end' lithified 
partially and contemporaneously with the carbonate sediments. 
The sediments indeed vary in size and shape and seem to be 
incepienrly corporeted with carLonate sediments. Ey -.nd large, 
T:aese sediments are characterised by subrounded to rounded shale 
fragments and fine crystalline material of loosely packed, 
dense, structureless mass of lime-mud matrix. 
Thin section analysis of specimen taken out from just above the 
contact of the carbonate rock with the underlying shales, inter-
estingly, shov/ medium-grained, subrounded to rounded carbonate 
grains devoid of any internal structure. Poor sorting,appreciable 
amount of terrigenous admixture of minute mica flakes and quartz 
sands are interesting features observed under microscope. 
Moreover, overlying carbonate sediments differ markedly higher 
up in the sequence. The limestone is greyish in colour and 
interlayering of dolomite,and limestone often becomes conspicuous, 
Remarkably the thin section samples show 'cryptalgal' (Aitken, 
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1967) laminations due to the presence of stromatolites. Under-
microscope such stromatolitic laminations show partially 
developed faint domal structure (Pl. XIV,Fig. A ). The facies 
resembles closely to clayey micrite and fev; thin sections are 
characterised by distinctive 'birdseye' structure filled 
occasionally with sparry calcite (Pl. XIV, Fig. B ). 
Unit~E : Massive Limestone : in hand specimen the limestone 
appears dark grey to blackish in colour, fine grained almost 
structureless rock breaking with conchoidal fracture, A close 
observation reveals the presence of thinly laminated layers, 
emphasized often due to v/eathering. 
Micrite and interlaminated micrite-calcisiltite microfacies 
has been recognised. Under low magnification the thin section 
shows fine, uniform texture and complete lack of structure 
(Pl.XIV, Fig. C ), but appears microcrystalline mosaic of 
interlocking calcite and silica particles under high magnifica-
tion. Except in dolomitised grains the crystal boundaries are 
either lacking or faint. Delicate laminae show an anastomosing 
network of depositional planes of probable algal mats (Carozzi, 
I960) . In calcisiltite often micrite laminae occur in the form 
of discontineous and irregular planes giving fine laminations 
to the rock. Distinctive reworking of sediments can be discerned 
observing the interlayered boundaries between the thin crust of 
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micrite laminae and calcisiltite which appears almost disconti-
nuous with the erosional pits. 
The cherty limestone is dolomitic in most of the parts and 
occurs as light to dark coloured discrete beds with rough and 
irregular surfaces. Under microscope cherty limestone primarily 
shovvsfine grained microcrystalline mosaic of interlocking calcite 
and silica particles (Pl.XIV, Fig. D ). Chert appears extremely 
fine grained and fairly uniform in texture much like the lime-
stone. Silica generally consists of cryptocrystalline quartz 
grains often 'vermicular' in shape occurring along with the 
grains of coinposite nature. 
DOLOMITIZATION : 
Dolomitization is by far the most important diagenetic feature 
which controls the original texture and also the large scale 
recrystallisation of the carbonate rocks. The carbonate rocks 
of the study area contain dolomitic limestone. Despite incomplete 
dolomitization it provided handful opportunity to decipher the 
probable palaeoenvironmental conditions. Dolomitic limestone 
can be recognised in the field by its typical greyish-yellow 
to orange colour on weathered surfaces of medium and coarse 
grained limestone while finer grades preserve darker shades. 
The distribution of dolomite in various units of carbonate 
rocks is not regular and roughly ranges from 5-65% by volume. 
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Under microscope dolomite generally occurs in the form of isolated 
rhombohedra seem to float in a micrite matrix. Interestingly, the 
rhombohedfa v;ith average size ranging from 0,06 to 0.16 mm often 
are zoned showing calcite as nucleus with sharply defined dolomite 
periphery. 
Unit-A of carbonate rocks of study area consists of feeble traces 
of dolomite often interlayered with the argillaceous part of the 
unit show 'cryptalgal' laminations interlayered with faintly 
developed dolomite layers. This unit obviously contains the 
dolomite almost in traces. Next higher unit-B of Morar Limestone 
shows ligiit and dark shades of grey and yellow colour indic,~tinq 
interlayering of dolomite with limestone. 
The origin of dolomite in Morar Limestone is not related to a 
primary episode of precipitation but seem to be a penecontempo-
raneous replacement of calcium carbonate in the early stages of 
sedimentation. This is evidenced by the field occurrence of 
dolomitic bands parallel to bedding. Also thin section study 
provides ample evidence of replacement of micrite by dolomite. 
The dolomite rhombohedra are generally coarser than .015 mm and 
it can be rather safely stated that the dolomite is certainly a 
replacement (Polk, 1974). The dolomite rhombohedra show inclusions 
of micrite, zoning, presence of relicts in the form of faint 
laminae and floating nature (Garozzi, 1950; Murrary, 1964; 
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Friedman and Sander, 1967; Textoris, 1968). Moreover the secondary 
features' like joints, cracks and fractures show lack of post-
depositional control over dolomitization. 
The modern counterparts of such early dolomitization have 
subsequently been observed in supratidal environments. Precipi-
tation of dolomites or active replacement of calcium occurs when 
tides, currents and storms push great quantities of v/ater which 
on evaporation apparently result in concentration of magnesium 
that causes physical and chemical changes in modern sea waters. 
Such normal process of early dolomitization has been observed 
in supratidal environment of South Australia, Persian Gulf, 
Bonaire Islands, Florida and other parts of the world (Shinn 
and Ginsburg, 1964; Shinn, et al., 1965 a, b) . There are tv/o 
ideal sites v/here dolomite commonly forms are shallow lagoons 
where salinity undergoes rapid fluctuation betv/een hypersaline 
and nearly fresh conditions and second side appears to be sub-
surface zone where sea or evaporatic waters come in contact 
with a wedge or lense of meteoric water causing reduction in 
salinity (Folk, 1974). 
CHAPTER-IV 
DEPOSITIONAL ENVIRONMENT 
CONCEPT OF DEPOSITIONAL ENVIRONMENT : 
Depositional or sedimentary environment involves the place of 
deposition and the hydrodynamic, biological and chemical 
conditions under which given sedimentary rock sequences 
constitute basin fill (shepa^d and Moore, 1955; Xrumbein and 
Sloss, 1963; Potter, 1967; Reineck end Singh, 1975; Mial, 1977) 
The depositional basin defines the boundaries and general 
conditions of the accumulation of a sediment pile. The sum 
total of the lithological and palaeontological aspects of a 
stratigraphic unit is termed as facies in the modern concept. 
Every major environment is characterised by certain physical, 
chemical and biological processes which leave the,ir imprints 
on the depositional sediments, so that a characteristic deposit 
is produced. These imprints left behind by the depositional 
processes provide the basic criteria for recognising ancient 
sedimentary environment's (Moore, 1949, 1957; Dunbar and 
Rodgers, 1957; Teichert, 1958; Weller, I960; Krumbein and 
Sloss, 1963). The approach to facies analysis relies heavily 
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on reconstruction of basin morphology and bedding architecture, 
determination of gross lithology, quantitative delineatioh of 
the geometry of framevrark sandstones, recognition of vertical 
and lateral successions and common facies associations. Their 
recognition and delineation establish a framev/ork for facies 
differentiation, using process response models. Succinct 
discussions of these problems have been given by Middleton 
(1973). The criteria generally used for interpretation of 
depositional environments are divisible into three major groups : 
physical, chemical and biological (Shepard and Moore, 1965). It 
is believed that physical and chemical parameters are independent 
of one another. On the other hand, biological parameters are very 
much controlled by these tv/o potentials. The physical attributes 
of sediment are most important as they provide the most basic 
information for environmental reconstruction. A geomorphic 
concept of depositional environment was advocated as 'A geomorphic 
unit having a particular size and shape is determined by a set 
of processes operating at specified intensity v/hich produce a 
deposit defined by a set of values of physical and chemical 
variables' (Potter, 1967). 
The environmental reconstruction of Gv/alior rocks is based on 
the geomorphic concept of Potter (1967), and process response 
model concept of Krumbein and Sloss (1963). Thus identification 
of depositional environments of these rocks is mainly based on 
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comparisons and best fit with process response models evolved 
for various geomorphic units, such as alluvial channel, flood 
plain, tidal channel, tidal flat, lagoon and beach. Although 
appealing because of the simplicity using idealized standards 
for comparison, physical models have real limitations in their 
potential for application to genetic stratigraphic problems 
(Galloway and Hobday, 19S3). 
The entire rock sequence of the Gwalior area appears to have 
formed in a near shore marine environment as suggested by the 
presence of che glauconitized clay pellets almost throughout 
the sequence. The response elements of Gwalior rocks, like 
geometry, lithology, sedimentary structures and. their spatial 
variations compare well with those observed on modern tidal 
flats, lagoons and beaches. Therefore, the model of near shore 
marine sediraentetion based on studies of modern tidal flat, 
lagoon and beach environments have been discussed before 
attempting the detailed environmental analysis of Gwalior 
Supergroup. 
Model of Nearshore Marine Sedimentation : 
The shore-zone comprise the narrow, higher energy, transitional 
environment that extends from wave base to the seaward edge of 
the alluvial coastal plain. Although restricted in area. 
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migration of shorelines through time has resulted in vi/idespread 
shore-zone deposits in the rock record. The near-shore marine 
zone generally shov/s several geomorphic units, like tidal flats, 
lagoon, barriers and beaches. Tidal flats form along the margins 
of lagoons, estuaries and bays. Lagoons have close association 
with tidal flats since both require protection from waves, the 
differences between the tvra being a matter of degree of protec-
tion and isolation from open sea conditions. Strong protection 
needed for generation of lagoonal condition is provided by 
barrier beaches or spits. Beaches are quite different from tidal 
flats and lagoons because they form along those psrts of a coast 
whicn are exposed to strong wave attack. £ach geomorphic unit 
of the shore is characterised by a certain set of processes 
v/hich leave their imprints on the sediment deposit. 
Tidal Flats : 
Tidal flats are generally transversed by an intricate netv/ork 
of migrating tidal channels, but if exposed to sea are less 
channelled than are back-barrier tidal flats (De Jong, 19.77). 
The tidal flat sedimentation is well known since modern counter-
parts have been studied in areas of both clastic and carbonate 
sedimentation in various parts of the world. Most satisfying 
genetic explanations come from analogy with modern geological ~ 
processes on modern tidal flats (Van Straaten, 1950, 1954 a, b. 
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1959, 1961; Klein, 1963, 1964, 1967 a, 1970 a, b, 1971; Reineck, 
1963, 1967; Reineck and Singh, 1980; Semeniuk, 1981). Evas 
(1965), Thompson (1968) and Klein (1977) stated 'sedirTients 
deposited by tidal currents ,are characterised by a distinct 
combination of sedimentary structures, vertical sequences, 
textures and lithologies reflecting 10 phases of tidal sediment 
transport in both clastic and carbonate environments', Bedforms 
comprise sand waves, dunes, and ripples, commonly in complex 
patterns of superposition, generally with plane bed surfaces 
developed toward low tide mark. The dominant internal structures 
are crossbeds of simple and complex geometry, herringbone cross-
bedding, cross lamination, ripples, v;avy flaser, interlaminated 
sand/silt bedding, all of which have been recognised in a number 
of ancient quartz-arenite units belonging to tidal flat deposi-
tional environment (Reineck and Singh, 1975). 
Along modern coasts there is a complete range of criteria for 
recognising not only ancient tidal flats but also their sub-
environments, including subtidal, intertidal (high, mid, lov/) 
and supratidal. These distinct subenvironments are mainly 
associated with the action of astronomical tides. In each 
subenvironment, their prime characteristics stem from unique 
set of mineral composition, texture and structure of the 
sediments (Walker, 1984 ). Due attention has been paid in 
the last few decades to employ these criteria for environmental 
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interpretation of ancient clastic tidal deposits (Tanner, 1953; 
Potter and Glass, 1958; Lane, 1963; Dineley, 1966; Reading and 
Walker, 1966; Weimer, 1966; Bigarella and Salarauni, 1967; Smith, 
1968; Thompson, 1968, 1969; V7underlich, 1970; Klein, 1970 a, b; 
Kepper, 1972). 
The clastic intertidal sedimentation is generally divisible into 
three distinct zones, lo\v, mid and high tidal flat, distributed 
parallel to shore from high to lov; tide level (Klein, 1971). 
Each zone is characterised by certain set of sediment transport 
processes that determine the composition, texture and structure 
of tae sediments within that zone. Tidal channels and gullies are 
important geomorphic features of tidal flat environment. Tidal 
channels occasionally produce linear bodies of carbonate sands 
in which bed sets of shale and clay alternate v/ith each other. 
The tidal flat sedimentation is affected mainly by water level 
differences relative to rise and fall of the sea level. If the 
rate of sedimentation becomes faster than the relative sea level 
rise, the tidal flat environment will tend to prograde seaward. 
Relatively little sediments accumulate if the rise of water 
level occurs faster than the sedimentation. The energy and 
transport mechanism control the characteristic distribution 
of sediments in tidal flats. Intertidal sands near low-tide 
level show complex bedforms which generally increase in size 
with increasing tidal range. By and large, such ancient deposits 
would be characterised by fine to medium grained, ripple laminated 
124 
sand and shov; an assortment of complex ripple like flat-topped 
and double-crested forms. Abundant lenticular and flaser-bedding 
underlie the broad midtidal flats v;ith interbedded sands and mud 
containing flasers and lenticular layers and a great variety of 
small wave generated structures including rills and mud cracks, 
reflecting shallowing and emergence (Klein, 1963; Reineck, 1967; 
Walker, 1984). Moreover, mudflats of the uppermost intertidal 
zone contain horizontal laminae which eventually become disrupted 
by shrinkage, cracking and diagenesis. Broad tidal flats would 
be characterised by layered muds, salinity variations commonly 
inhibit algal mats which may desiccate, crack and form muds tone 
intraclasts, a seemingly common component of older tidal flat 
deposits of Palaeosoic and Precambrian sequences (Gallov/ay and 
Hobday, 1983). 
Lagoons : 
Lagoons are bodies of relatively shallov; water depth, isolated 
from the ocean by a discontinuous barrier. Thus, the turbulent 
wave energy is prevented from entering the lagoon. Environment 
of deposition in modern lagoons are highly variable depending 
oh climate, tidal range and sediment supply (Krumbein, 1939; 
Shepard and Moore, 1955; Stewart, 1956; Moore and Seruton, 1957; 
Shepard and Rusnak, 1957; McGowen, 1979). The characteristics 
of lagoonal sediments have been summarized by various prominent 
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workers (Twenhofel, 1950; Dunbar and Rodgers, 1957; Van Straaten, 
1954 b, 1959; Masters, 1967; Davis and Fox, 1972; Heckel, 1972 
and Davis and William, 1975). 
Geological processes operative in a lagoon are strongly influenced 
by its protection from strong waves and currents. Lagoonal 
sequences generally consist of interbedded and interfingering 
sandstone, shale. Sheet and channel fill deposits are related 
to flood-tidal delta origin and fine elastics to subaqueous 
lagoon and tidal flats. General lack of wave and current action 
within a lagoon tend to fill dominantly fine elastics like silty 
clays, silns and fine sand. Deposition is mainly from suspension 
resulting in fine parallel lamination of sediments often augmented 
by localized shoreline erosion by waves and burrowing organisms 
if present. Gentle current action give rise to ripple marks. Some 
channels may be present forming passage v/ays betv/een the open 
sea and the lagoon. VJithin these channels coarser sediments may 
be deposited and subsequently give rise current formed structures, 
like ripple marks and crossbedding. Moreover, wind generated 
waves concentrate coarser sediments at the lagoon margins where 
they grade into tidal flat and marsh. It may be emphasized here 
that in ancient sediments it is very difficult to completely 
differentiate lagoonal and tidal flat deposit because they are 
intricately mixed ov;ing to the close association of the two 
environments. The depositional pattern in shore lagoons resembles 
that on tidal flats and such lagoons may in time fill up give way 
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to tidal flats (Dunbar and Rodgars, 1957). The lagoonal 
environment has clearly been recognised in few ancient sediments 
(Van Straaten, 1954 a; Master, 1967). 
Beaches : 
Beaches show considerable intergradation of one facies with 
another, and overlap with adjacent environments. There is a 
general increase in physical energy and a subsequent decrease 
in biological manifestations. Beaches are generally divisible 
into 'foreshore' and 'backshore' zone (Martens, 1939; Dunbar 
and Rodgers, 1957). Each zone is distinguished by a particular 
suite of textures and physical structures. The foreshore lies 
between the ordinary high and lovr tide levels and backshore, 
is located above the ordinary high tide level. Hence, the 
foreshore is an environment in which depositional processes are 
governed by wave energy. The foreshore is usually divisible into 
two main facies elements : 'upper foreshore' and 'lower foreshore' 
in some studies, and the third 'transitional' in the other 
(Howard and Reineck, 1981). The upper foreshore has a smooth 
while the lower foreshore has uneven profile ov7ing to the 
presence of the ridge and runnel system (King and William, 
1949; Reineck, 1967; Davis,'et al., 1972). 
The upper foreshore sediments are closely associated with 
foreshore deposits and characterised by even and parallel 
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laminations, primary current lineation and heavy mineral 
concentrations in discrete laminae (Thompson, 1937; Van 
Straaten, 1959; Potter, 1967; Clifton, 1969; Clifton, et al., 
1971). The complex hydraulic environment gives rise to complex 
sequence of multidirectional sedimentary structures. Textures 
range from fine sand to gravel. All these features are favoured 
by relatively high energy conditions that exist on beaches. 
Parallel and even nature of beach laminae and their close 
association v;ith parting lineation owe their origin to plane 
bed movement of sand in the upper flow regime possibly generated 
by swash and backwash (Van Straaten, 1959; Allen, 1963 c; 
Clifton, 1969). Swash end backwash also bring about a separation 
of heavy minerals and their concentration in separate layers 
(Dunbar and Rodgers, 1957; Van Straaten, 1959; Logvinecko and 
Renizov, 1964; Zimraerle, 1964). Ridge and runnel sequence result 
v/hen storm waves erode the beach surface. Ridge and runnel 
systems leave sequences of shore-parallel troughs with overlying 
large, convex foresets,capped by parallel laminations. Such 
topography of the lower foreshore is associated with storm 
activity (Davis, et al., 1972). The ridge migrates landwards 
and gives rise to planar crossbedding (Van Straaten, 1959; 
Davis, et al., 1972). As a result of wave action, water spills 
over the ridge and becomes trapped in the runnel where its flow 
is guided by the ridge and generates ripple marks (Van Straaten, 
1959; Lane, 1963; and Davis, et al., 1972). Finally a character-
istic interbedded sequence of flat beds show the presence of 
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planar crossbedding and ripple marks in the beach deposits. 
Various beach subenvironments have been identified during the 
course of study of ancient sediments in various parts of the 
world (Potter, 1967). The lower foreshore is relatively a 
low-energy transitional zone, where waves begin to affect the 
bottom, but where offshore shelf or basin depositional processes 
also occur. Generally very fine to fine grained sands are formed 
along with intercalated layers of silt and sandy mud. Planar 
laminated beds generally predominate. 
Wind generated depositional process predominates in beachshore 
environment. Subhorizontsl to landv.'ard dipping plane beds 
characterize the backshore, Amongst the sedimentary structures 
small scale trough crossbeds of multidirectional orientation' 
usually occur. 
ENVIRONMENTAL ANALYSIS OF GWALIOR SUPERGROUP : 
Par Sandstone : 
Par Sandstone has been divided into three distinct units. 
Summary of sedimentary characters and inferred environment 
of deposition is represented in Table-VII. 
Unit-A : Conglomerate, at the basal part of Par Sandstone, 
marks the initiation of Gwalior sedimentation in the study area. 
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The unit shov/s a sharp unconformable contact with the underlying 
Older Bundelkhand Granite. Conglomerates are generally sub-
rounded to rounded and cemented with almost submature matrix 
and metastable material. They resemble very closely to ortho-
quartzitic conglomerate (Pettijohn, 1975) with a simple conrposi-
tion Having materials very resistant to wear and decomposition, 
such as vein quartz. Majority of conglomerates appear to have 
been derived from vein quartz, implying the destruction of a 
large volume of igneous and metamorphic rocks transacted by 
widely separated quartz veins. These conglomerates apparently 
form sporadic pebbly layers and lenses at the base of sandstone. 
The materiel of this sort is virtually indestructible and may 
have been reworked and redeposited through several cycles of 
sedimentation. Basal conglomerate of this unit also appears 
contaminated with locally derived subjacent metastable material. 
Maturity of the basal conglomerate suggests either prolonged 
sorting and reworking or a proximal basement source that was 
deeply weathered with a composition similar to underlying older 
rocks. 
The conglomerate, form only a small part of formation, perhaps 
was accumulated by waves of tidal origin. Few granitic conglo-
merates record rapid erosion of the crystalline basement. Such 
conglomerates^ contaminated with submature matrix and metastable 
material characterize nearly a progressive decrease in grain 
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s i ze from coarse a t the shore l ine (Jhonson, 1919). Moreover, 
i t i s probable t h a t conglomerates deposi ted during low stands 
of sea level by f l u v i a l process could have been enundated by-
r i s e of sea level without s i g n i f i c a n t reworking (Shepard, 1932). 
The older sediments could be p a r t l y or completely reworked and 
brought in to p a r t i a l or complete dynamic equi l ib r ium with shelf 
process during a r i s e of sea l e v e l (Swift, 1984). Conglomerates 
perhaps ' resedimented' by some downslope mass t r a n s p o r t mechanism 
from an o r ig ina l f l u v i a l gravel d e p o s i t . I t appears t h a t reworking 
on a beach was not an important aspect of t h e i r sedimentary 
h i s t o r y . 
Empir ical rock models for p resen t day shelves are well knov/n, 
but as yet the i n t e r a c t i o n of shelf processes are not f u l l y 
understood. Oceanographic s t u d i e s are never the less providing 
d e t a i l s of deposi t s of vas t t e r r i genous shelves t ha t dominated 
l a r g e r i n t r a c r a t o n i c areas during the Proterozoic and ea r ly 
Pa laeozoic . Diagnostic f ea tu re s of overlying un i t s d i sp lay a 
s i g n i f i c a n t shelf depos i t s and provide p a r t i a l analogues fo r 
i n t e r p r e t i n g deposi t s of t h i s u n i t which, desp i t e of d i f ferences 
in sedimentary s t r u c t u r e s , were broadly s i m i l a r in t h e i r funda-
mental processes and sedimentary response , if t h i s i s taken 
i n t o account, i t appears t h a t t he r e was perhaps an i n t e r a c t i o n 
between f l u v i a l and t i d a l processes and the f l u v i a l sediments 
gradual ly passed on to the t i d a l depos i t s and coarse r sediments 
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were probably r e d i s t r i b u t e d a t the f luv ia l /mar ine i n t e r f a c e 
(V7atchorn, 1980), f lushing the f i nes fu r the r dovm towards the 
open sea . 
Unit-B : This uni t comprises mainly sheet sandstones t h a t o v e r l i e 
the basal lag gravel with a marked decrease in g ra in s ize very 
coarse to medium grained sandstones become p rog re s s ive ly f ine 
grained and f i n a l l y f la t"bedded in the upper p e r t . Notably they 
are very th in bedded r i pp l e laminated and r i p p l e c ross- laminated 
in the lower pa r t , and f l a t bedded in the upper p a r t of the 
u n i t . Large interbedded lenses of f ine sandstone occur throughout 
the un i t ranging in th ickness from 2 m near t h t base of the u n i t 
to 18 m near i t s t op . Common sedimentary s t r u c t u r e s in the lower 
p a r t of the- un i t include herringbone crossbedding, a l t e r n a t i n g 
crossbed se t s of d i f f e r en t sca le and fo rese t dip angle , symmet-
r i c a l f le t - topped r ipp le marks, t h i n f l a t pebble layers and 
incomplete mud cracks , r i l l marks and sv/ash marks. The sand-
stones are mature, well to moderately sor ted and p o s i t i v e l y 
skewed. 
The response elements are analogous to l a t e s tage emergence 
ebb out flow (smal l - sca le crossbedding) superimposed at 90° 
on the trough of the r i pp l e mark), and emergence (incomplete 
mudcracks shale pebb le ) . These processes i n t e r p r e t e d for the 
lower p a r t of the uni t bear a c lose resemblance with t h a t of 
t i d a l f l a t depos i t iona l environment (Klein, 1971; Reineck and 
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Singh, 1975; Singh, 1984). It appears that part of the unit was 
deposited in the tidal flat environment as indicated by the 
dominance of sand sized material and bed load transport (Klein, 
1970 b, 1971). Presence of abundant micro cross-laminations, 
small-scale crossbedding and asymmetrical ripple marks farther 
strengthen the evidence in favour of tidal flat deposition 
environment. 
The upper part of this unit is characterised by a particular 
suite of textures and physical structures like interbedded 
sequence of flat bedded and micro cross-laminated sandstone. 
Presence of beach deposits can be recognised on the basis of 
sheet like geometry of flat bedded sandstone, heavy mineral 
concentration in discrete laminae often alternating with quart-
zose layers, and abundance of primary current structures on 
their bedding surface (Thompson, 1937; Potter, 1967; Clifton, 
1969; Clifton, et al., 1971). Small-scale wave rippling is 
commonly present on flat beds. Perhaps due to ascribed decrea-
sing wave energy they show very little relief and appear as 
mere traces on flat beds. Regardless of energy mix, the common 
association of small ripple marks and flat beds is remarkable 
since these two mark the resumption of widely different flow 
regimes. Small ripples are generated under conditions of the 
lower>part of the lower flow regime (Allen, 1963 c ) , whereas 
flat beds and associated primary structures are attributed to 
plane bed sand movement in the lower part of the upper flow 
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regime (Allen, 1963 c, 1964; Harms and Falinestock, 1965). 
Recent studies on modern beach environment from a significant 
portion of the south of Oregon beach have illustrated almost 
similar ripple associations with plane bed sand movement 
(Clifton, et al., 1971). Under unsteady conditions, the nature 
of flow is one of the main processes by which such ripples are 
obliterated by landv^ard migration of surge. It is likely that 
beach deposits, associated with ripple marks with flat bedded 
sandstone and their obliterated nature, are more prevalent in 
ancient beach sequences that has been recognised to date. Ripple 
cross-laminated intercalations are intricately associated with 
respect to their close proximity to be diagnostic of beach 
origin which probably represent shallow runnels of perhaps beach 
mechanism providing environments favourable for formation of 
ripple cross-laminations. The single sets of large-scale planar 
which occur as wedge shaped sets and the trough crossbeds are 
characteristic, with flat bedded sandstone and very well fit in 
with the beach environment. Migration of sand bars or ridges on 
beaches results in the formation of planar crossbedding (Van 
Straaten, 1959; Davis, et al., 1972). Anomalous tidal amplitudes 
could be postulated to have scour troughs on beaches, which are 
latter infilled giving rise to single sets of trough crossbedding, 
(McKee, 1957 ; Allen, 1963 b; Reineck and Singh, 1975 and 
Singh, 1984). Thus, the combination of response elements and 
the inferred processes correspond with the unit possibly 
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accounting for the extreme height of some stable beach environment. 
The depositional processes appear to have been governed largely 
by wave energy giving rise to typical geometry/ scoured surface, 
and fining upwards sequence. The amount of energy appears to 
decrease v;ith increased water depth governing the range of 
textures and structures in the unit. A further clue to the 
beach origin of the unit is therefore given by the occurrence 
of a characteristic type of crossbedding within the channel 
fills. The stretification consists of single sets of large-
scale planar crossbedding in which crossbeds are lithologically 
hetrogeneous being alternately constituted of sandstone and 
shale. The characteristic of crossbedding was designated Epsilon 
type by Allen (1963 b) and is recognised in wandering channels 
on intertidal flats (Trusheim, 1929; Van Straaten, 1954 a, b; 
Reineck, 1958; Reineck and Singh, 1975). 
Unit-G : This unit of Par Sandstone comprises mainly of large, 
discrete, vertically and laterally coalescent channel sandstone 
bodies which have given rise to a thick and extensive channel 
sandstone sequence of lenticular deposits. It shows a strong 
internal organisation of the channel sandstone sequence forming 
a 'fining upward' cycle, which grade imperceptibly into success-
ively finer sediments. This type of sequence is indicative of 
upward decreasing flow regimes during the course of migration 
and' filling up of the channel. Such 'fining upward' sequence 
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might only be distinguished from fluvial deposits on the basis 
of associated facies and marine fauna if present. However, 
several features of the channel sandstone of this unit are 
suggestive of their tidal origin. The top of a channel fill 
sequence consists of very thin bedded sandstone similar to 
those occurring in unit-B of Par Sandstone and recognised as 
tidal flat deposits. Thus,close association of channel fills 
with tidal flat deposit is suggestive of their tidal origin. 
Several features of this unit, such as Epsilon crossbedding 
(Allen, 1963 b), and diverse ripples including double-crested 
and flat-topped forms happen to be common features. It has 
apparently been observed in xiodern tidal flats, that in the 
late stages of ebbing tide the ripple troughs act as drainage 
lines and the erosive effect of the retreating water brings 
about the break through of the ripple crests. These features 
are indicative of tidal environment as discussed ealier. A 
great variety of small wave generated structures like double-
crested, flat-topped ripples and bimodal ripples and crossbeds 
are characteristic features related to tidal flat deposits. The 
large size of channel fills of this unit suggests that they are 
the ancient equivalents of modern tidal inlets and channels in 
the low tidal flat zone. 
Thus, unit-C of Par Sandstone, represent deposits of the lower 
most tidal flat (Klein, 1970 a; Reineck and Singh, 1975; and 
Singh, 1984), where barrier bars were formed and subsequently 
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later intersected by tidal inlets. Hoyt (1968) has documented 
migration of inlets along the coast under the influence of 
longshore currents- and consequent reworking of barrier sedirrents. 
A similar inlet migration and reworking of barrier sediments 
most probably gave rise to extensive and thick channel sandstone 
sequence of this unit. 
Morar Shale : 
Unit-A : This unit consists of generally dark red to purple red 
coloured laminated bands of ferruginous, siliceous and jaspideous 
shales with occasional lenses of chert, haematite and glauconi-
tized clay pellets. This unit is characterised by prevalence of 
red colour and fine elastics, general absence of large-scale 
current or wave formed structures and presence of glauconitized 
clay pellets, suggestive of its origin in a broadly low energy 
marine environment. Predominance of parallel laminated shales 
and siltstones are suggestive of deposition from suspension in 
the absence of current and v/ave activity since such laminations 
are known to form in the absence of bed load transport (Harms 
and Fahnestock, 1965). Though parallel laminations form under 
variable sets of environments including high tidal flats, lagoon 
and alluvial flood plain, presence of glauconitized pellets 
rules out the probability of flood plain environment. 
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Extensive sheet like cosets of ripple cross-lamination occur 
occasionally in siltstone bands. Such cross-laminae appear as 
rib-and-furrow on the upper surface of such sheets. The mechanism 
of formation of such structure appears to be related to migration 
of trains of small-scale asymmetrical ripples. Such structures 
have consequently been reported to be extremely common in flood 
plains (Hamblin, 1961 b), beaches (Van Straaten, 1959; Davis, 
et al., 1972), lagoons and tidal flats (Van Straaten, 1961; 
Thompson, 1969; Klein, 1970 b ) . Rapidly spreading floods on 
flood plains give rise to ripple drift cross-lamination (McKee, 
1966), whereas it appears that advancing ripples received short 
supply of sediments (Allen, 1963 b ) . Tidal flats lagoons and 
beaches related to sea marginal environments receive sparingly 
and unevenly introduced sediments giving rise to such structures. 
Hov/ever, ripple cros's-lamination, flat-topped symmetrical ripples 
(average wave length of 6 cm) are not uncommon and often appear 
as mere traces on bedding surfaces. Such ripple marks have 
apparently not been uncommon in ancient and recent sediments of 
tidal flat origin. These ripples of the unit appear to have 
formed on the higher parts of the flats. 
From the'distribution of various ripple marks in this unit, 
there is an indication that the se,a was shallow during this 
phase of marine influence, a few centimeters to a few tens of 
centimeters deep. Generally action of retreating water sheet 
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of the ebb tide planed-off crests of existing ripples. Presence, 
of feeble traces of swash on rill marks indicate probable tidal 
action of marine influence. 
Depositional environment of related ferruginous deposits can 
be viev/ed in a proper perspective when all the above features 
are considered together. The evidences provided by the ferru-
ginous facies themselves, and their environmental associations 
have been discussed elsewhere in details. 
Unit-3 : Another ferruginous horizon succeeds the former unit. 
This unit of Morar Shale is characterized by prevalence of red 
colour and fine-elastics micaceous, ferruginous and silty shales. 
The shales show "occurrence of silty sandstones withih this unit. 
Laminations and thin to thick channel fills are the dominant 
sedimentary structures. The channel fills are interpreted on 
the basis of their geometry and are generally marked by feebly 
scoured basal contacts. The bedding planes are marked by thin, 
lustrous, dark brownish, structureless ferruginous content. 
Comparatively small size of the channel fills indicate that the 
ancient channels were also small. Turbulent scouring by strong 
currents was possibly in step as is evidenced by the flute and 
groove casts. The presence of horizontal bedding and parting 
lineation may be associated with the plane bed movement possibly 
in the lov;er part of the upper flow regime (Harms and Fannestock, 
1965; Allen, 1964). The bipolar bim.odal orientation of dip 
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azimuths of crossbeds within the channel fills may be interpreted 
again as documenting deposition on tidal inlets and channels. 
Presence of convolute bedding indicates rapid deposition and 
plastic deformation of partially liquified sediments soon after 
deposition. 
Unit-B, therefore may be indicative of deposition in perhaps 
shoreline deposition in lagoon-tidal flat complex. By analogy, 
therefore, it appears as if both the units were deposited under 
similar conditions. Unit-A seem to suggest broadly low energy 
marine environment, on the contrary, succeeding unit appears to 
have been deposited perhaps under turbulent conditions in the 
presence of strong currents. 
The probable controlling factor involved in the deposition of 
ferruginous content in Morar Shales appears to be mainly related 
to composition of ocean waters during Gv;alior times. The early 
ocean was major reservoir for dissolved iron and silica, the 
ultimate source of which appears to be volcanic, terrestrial 
and even probable cosmic (Mahabaleshiar, 1985). Surface weather-
ing or volcanism, though inadequate, appears to be the ultimate 
source for the ferrugineous content. The first is terrigenous 
source (Taylor, 1949; Hallam, 1966; Walson, 1966). The second 
source is believed to be that of magmatic or volcanic contri-
bution of iron to sea floor (Goodwin, 1965; Jenkyns, 1970). 
Various environments of deposition, from time to time have been 
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postulated for ironstone, strakhov (1962) advanced the following 
factors which governed the accumulation of sedimentary iron 
deposits. 
(1) A substantially increased intensity in the annual cycle of 
precipitation of the valuable element iron as compared v/ith 
normal sedimentation. 
(2) A palaeogeographical situation like dissected shoreline v/ith 
islands, shoals and basins, that.reduces hydrodynamic disturbance 
and preventG fine grained precipitates from being dispersed. 
(3) A reduction in the amount of clastic material brought from 
shore, due perhaps to tectonic stability during late stages of 
a cycle of erosion. 
(4) Secondary concentration of the useful constituent in the 
ore bed by diagnesis. 
The present investigations will attempt to determine the source 
rocks of the ferruginous facies through a combined study of their 
lithofacies, petrology and facies associations in space and time. 
By analogy, texturally and structurally it appears as if the 
iron flakes were deposited under aquatic conditions of marine 
affinity. The deduction is consistent v/ith the nearshore. 
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shallow marine formed sedimentary structures. The textural and 
structural gradation of units-A and B of Morar Shales, and their 
stretigraphical relationship suggest closeXy related environment 
of both the units. The environmental setting of unit-A may be 
somewhat similar to that of higher parts of tidal flats v/here 
current and wave actions were meagre to produce sedimentary 
structures of higher energy environments. In unit-B of Morar 
Shale the initial relatively low kinetic energy conditions were 
followed by conditions of slightly higher energy. The distribution 
of ferruginous contents within the units, and the sedimentary 
structures represent tidal and lagoon deposits laid dov;n possibly 
under two closely related relatively low energy followed by 
slightly higher energy, environmental conditions. A comparison 
of the reconstructed palaeoenvironments v/ith the recent ones 
shows the ferruginous shales were probably laid down under some 
oceanographical conditions somevjhat similar to those of the 
carbonate flats of the Trucial coastline (Adeleye, 1973). Moreover, 
channel fills may be interpreted as documenting deposition on 
tidal flats and perhaps tidal inlets and channels. 
Limestone : 
Unit-A ; The unit is characterised by red coloured, fine 
argillaceous carbonate mudstone. At most_localities around 
Gwalior the contact with the Morar Shale is commonly marked 
by a thin shaly weathered bed and few actual physical contacts 
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between underlying shales and limestone exist. This unit appears 
to have been deposited under slightly high energy conditions 
belov/ effective wave base as evidenced by its medium to fine 
grained texture, almost smooth and even bedding planes and 
laminae and presence of fine shale fragments. Carbonate mudstone 
becomes laminated upwards in the same unit and strikingly shows, 
on close inspection, small mound like forms of limited convexity 
superficially resembling large concretions formed due to sediment 
binding algal mats. In places sporadic discontinuous, broken, 
dislocated and randomly oriented laminae also occur which often 
become dolomitic. 
The petrographic studies comprise intrasparrudite microfacies 
containing admixture of weakly consolidated sediments partially 
lithified with the carbonate sediments. The top of the unit is 
also characterised by carbonate mudstone containing numerous 
sparry calcite birdseye, fine laminae of stromatolites, occasional 
sheet cracks and slight change in microfacies resembling closely 
the clayey micrite. Broken stromatolitic laminae indicate perhaps 
desiccation and subaerial exposure accomplished presumably by 
action of gravity giving rise to randomly oriented broken pieces. 
Occurrence of birdseye structure, occasional presence of broken 
sheet structure and appreciable amount of terrigenous material 
are very comparable with those of recent supratidal sediments 
(Shinn, 1968; Shinn, et al., 1969). It appears that the addition 
of terrigenous material was made either by wind, stream, or 
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precipitation from sea water. Close observation shows the lack 
of algal mats in the begining which necessarily indicate harsher 
conditions for the development of such mats. However, in later 
phase, the upper part of this unit apparently turned favourable 
to the development of these mats. Modern algal mats of this 
type, are known grov/ing in recent tidal flats of the Persian 
Gulf and Shark Bay areas (Skipwith, 1968; Davies, 1970 a, b) . . 
The development of algal mats takes place near the upper edge 
of the intertidal zone and in the transitional zone on to the 
supratidal flats. Comparable recent laminated algal sediments 
are not found abundantly in tidal flats which are periodically 
exposed to subaerial conditions and thus, a greater part of this 
unit, is generally devoid of algal mats. Such conditions, with 
all probabilities match with high supratidal environment and 
prolonged exposure. The formation of algal mats, towards the top 
of the unit, is suggestive of slightly elevated and partially 
exposed areas of tidal flats that made them susceptible to 
oxidising conditions. In conjunction with the growth of algal 
mats a possible gradual transition from high to lov/ supratidal 
environment is suggested where occasional flooding perhaps 
permitted algal growth. 
The typical reddish colou.r of carbonate sediments appears to 
have been related to oxidising and reducing conditions in tidal 
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flat environment controlled mainly by level of tides. In the 
ancient carbonate rocks the colour of the sediment hes always 
been a useful criteria in distinguishing various subenvironments. 
Subtidal submerged sediments give rise to typical grey colour, 
while supratidal sediments acquire red colour owing to prolonged 
exposure which aids oxidation. A hybrid condition also exist 
between the two due to diurnal exposure where oxidation remains 
almost incomplete. Taking into account the above factors it is 
probable that supratidal environmental conditions gave rise to 
completely oxidised red coloured argillaceous carbonate mudstone 
of this unit. 
Thus, several features, such as presence of sheet cracks, 
birdseye structure, limited development of algal mats, predominant 
red colour, presence of terrigenous admixture collectively 
suggest that unit-A of Morar Limestone was deposited in high 
to low supratidal environment. 
Unit-B : This unit of Morar Limestone is dominated by fine 
elastics consisting of generally alternating bands of laminated 
mudstone and carbonate siltstone. Parallel lamination is discer-
nible in the form of alternate firm delicate sharp ridges. The 
absence of current or wave formed structures, dominance of fine 
elastics and parallel laminations are all suggestive of deposi-
tion of carbonate sediments largely from suspension in waters 
with little or no current or wave activity. The prevalent dark 
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grey colour of this unit is indicative of reducing condition 
of environment of deposition, 
Petrographically micrite and micrite-calcisiltite microfacies 
have been recognised which consist generally of homogeneous 
microcrystalline calcite. Dark grey colour end fine homogeneous 
contents likely to occur in highly protected nature of the basin. 
Surprisingly, this unit rests on the former unit which is 
characterised by presence of algal mat structure related to 
high tidal flat zone. An abrupt change from relatively shallow 
marine conditions to deep offshore marine conditions is not 
plausible under normal set of conditions. However, the presence 
of algal mats provide evidence that they probably were formed in 
a protected basin and v/ith increasing protection, through passage 
of time, perhaps generated strictly lagoonal conditions. The 
micrite microfacies too, represents almost quite water conditions 
(Folk, 1962} in the environment of deposition. The micrite-calcite 
microfacies implied intermittent feebly agitated water conditions. 
Thus, unit-B of Morar Limestone is interpreted to be mainly a 
deposit of essentially terrigenous clastic deposit of an 
environment closely associated v/ith the coastal lagoon. 
CHAPTER V 
PALAEOCURRENT ANALYSIS 
INTRODUCTION 
A record of the past current systems that were responsible for 
the transportation of sediment, is often left within the body 
of the sediment, and this information has its greatest values 
for deciphering the- palaeoslope, direction of sediment supply, 
basin configuration and location of provenance. The modern 
multidisciplinary approach has recently been adopted by several 
geoscientists in unravalleing various processes responsible for 
transporting the sediments downslope. In recent years to decipher 
the ancient depositional history, and to stimulate a detailed 
study of various directional and scalar properties of primary'' 
sedimentary structures v/hich are inseparably linked with the 
palaeocurrent and palaeogeography of the ancient sediments, is 
essential. There has been a growing realization that sedimentary 
structures, like crossbedding and ripple marks serve as additional 
documentation, in revealing the palaeocurrent direction, in 
contrast to other directional structures. Ancient geography, 
slope and strike within their regional stratigraphip framework. 
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have also consequently been documented in the past using scalar 
properties like formation thickness. The sediment dispersal 
pattern and palaeogeography of ancient sediment may not provide 
the" correct interpretation of directional data if applied 
indiscriminately to diverse situations. The variations of 
sediment dispersal are related commonly to differing major 
environmental factors which bear a characteristic current 
system related obviously to palaeoslope and depositional strike. 
For example, variations of sediment dispersal in any beach and 
near-shore environment are related to many diverse water motions 
like surf, longshore drift, tidal ebb, and flow and storm waves. 
Such kinetic is generally capable of transporting sediments 
downslope, across-slope, or up-slope (Klein, 1967a) resulting 
thereby locally dispersed orientation data. Recent studies of 
high-energy, nearshore environments document clearly the complex 
patterns of nearshore sediment transport in relation to various 
flow regimes and relative positions to the shore. 
Little attention has been focussed in the past on reconstruction 
of sedimentary evolution of the basin with a precise analysis 
of sedimentary facies in the study area. The Gwalior rocks have 
not been effected by metamorphism and tectonic deformation. 
The beds are undisturbed by reason of their greater distance 
from the axis of disturbance, having steady, low, northerly 
^ip of only 3 to 5 . Directional properties related to the 
149 
crossbedding and ripple marks are perhaps the best known criteria 
for ascertaining the palaeocurrent pattern. Palaeoslope reconstr-
uction in the present work is made on the basis of presence and 
distribution of directional sedimentary structures and their 
variability through space and time. The Gwalior rocks form one 
of the oldest succession in the basin and represent deposition 
in the initial stage of basin development. Emphasis is placed 
in the present study on reconstruction of sedimentary facies 
and depositional setting of the Gwalior sequence. 
Previous and contemporary workers have made attempts to establish 
the stratigraphy of Gwalior rocks, however, these rocks have 
presented geoscientists v/ith some intrig'jing and fascinating 
problems regarding palaeocurrent pattern which has not yet been 
solved on regional scale. Such problems in Gwalior basin have 
not yet been amenable to classical methods of investigations 
and thus our knowledge of palaeocurrent patterns has been far 
from complete. Large outcrops and, readily accessible good 
exposures and abundance of crossbedding and ripple marks, 
almost throughout the study area, permitted a systematic 
approach for the formulation of palaeocurrent pattern of the 
Gwalior times. 
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Methods of Por t raya l 
Di rec t iona l data were c o l l e c t e d from those sedimentary 
s t r u c t u r e s of the study area which show e i t h e r the one-way 
or the two-way d i r e c t i o n t o por t ray pa laeocur ren t o r i e n t a t i o n s . 
Par Sandstone shows p r o l i f i c development of one-way d i r e c t i o n a l 
s t r u c t u r e s among which crossbedding, asymmetrical r i p p l e marks, 
f l u t e cas t s and asymmetrical cu r ren t -d rag folds are predominent. 
Symmetrical r ipp le marks, pa r t ing l i n e a t i o n s occur f requent ly in 
Par Sandstone but s t rand l ine f ea tu res such as r i l l marks and 
swash marks occur spo rad ica l ly and are r e fe r red to as two-way 
s t r u c t u r e s in the p re sen t work. 
Sampling 
Par Sandstone is very well exposed and forms an extensive 
platform. On this platform continuous exposures of sandstones 
are found excepting some sand covered patches. Individual 
sandstone beds, at least in the extent of outcrops, are 
laterally persistent without considerable change in thickness. 
Contrasted with the sandstone, the overlying shale, though 
outcropping in the scarp, is poorly exposed since most of the 
scarp sections are scree-covered. Moreover, limestone is 
impersistent and often pinches out abruptly. There also appears 
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an overall deficiency in current formed structures resulting 
collection of scanty data, despite careful search, from above 
two formations. Geographically a grid sampling was devised 
primarily for recording crossbedding azimuths and azimuths 
of other directional structures. The grid was constructed on 
the basis of longitude and latitude drawn at 2 5• intervals 
to provide more uniform coverage. Each 'sector' represents a 
rectangular area of 66 sq. km in extent. The outcrop area was 
covered by a total of 35 sectors. Two or more closely related 
outcrops formed a locality and on the average 4 localities 
formed a sector and at least 5-43 crossbeds per unit were 
sampled per locality. A total of 2799 measurements of cross-
bedding azimuths were recorded from 35 sectors of 150 locali-
ties (Appendix-VIl). Depending upon the availability of current 
indicator 14-163 crossbedding azimuths were recorded v/ithin 
each sector. 
The measurement of crossbedding data of each locality was made 
in relation to dip azimuth of foreset, its inclination and 
thickness of crossbedding units. The trough type of cross-
bedding on a bedding plane exposure form semi-elliptical 
traces curved and concave down-current. In such cases the 
azimuth of acute bisectrix was measured. 
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PALASOCURRSNT VARIABILITY ANALYSIS 
Variability of azimuths of various directional was made mainly 
to determine mean trends and attitudes of both types of 
directionals including one-way and two-v;ay structures for the 
purpose of palaeocurrent and paleeogeographic reconstruction. 
An attempt was also made to evaluate and relate variability 
with the depositional environment. 
Crossbedding Orientation 
An attempt was made to use the crossbedding orientation plots 
which include (a) evaluation of frequency distribution from 
rose diagrams constructed by grouping azimuths in 30 classes; 
(b) determination of vector mean (0V) and vector magnitude (L%) 
by vector summation method of Curray (1956) and (c) standard 
2 
deviation (s) and variance (S ) '//ere also determined by 
conventional statistical methods. The first two parameters 
provided statistically significant index of palaeocurrent at 
locality level while the last two parameters proved fruitful 
only at sector, subarea and area levels. The complex polymodal 
distribution of sediments is accomplished by wave action 
generally in the nearshore marine environment. Often inland 
sediment migration is oppsed by seaward migration resulting 
various modes in two or more independent directions of sediment 
153 
transport. For polymodal distribution/ 'modal vector mean' 
and other modal statistical parameters for each subpopulation 
were determined separately. However, the vector mean for the 
entire population of a polymodal distribution was also determined 
for the purpose of ascertaining vector magnitude, standard 
deviation and variance. In the study area 95 per cent of the 
total crossbedding azimuths have apparently been recorded from 
Par Sandstone, A detailed variability analysis was thus suitably 
made involving different sampling levels. Similar analysis was 
not possible for the other formations which yielded very limited 
number of crossbedding azimuths. The well exposed Par Sandstone 
provided an opportunity to make a detailed investigation of 
profusely developed crossbeds for a quantitative variability 
of crossbedding azimuths. Large amount of data collected from 
study area made it possible to undertake an hierarchical analysis 
at different sampling levels. The hierarchical pattern adopted 
here is a modified version of the method proposed by Olson 
and Potter (1954) and Potter and Siever (1956). Follov/ing the 
method, analysis was carried out at the four sampling levels : 
(1) Locality level - between crossbedded units within a locality, 
(2) Sector level - between localities withina sector, (3) Subarea 
level - between sectors within a subarea and (4) Area level -
between subarea within the study area. 
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Frequency d i s t r i b u t i o n of crossbedding azimuths a t l o c a l i t y 
l eve l are recorded in t a b l e - V I I I and p l o t t e d in f i g u r e - 1 0 . 
Majority of the azimuthal d i s t r i b u t i o n s are p r imar i ly unimodal 
and almost symmetrical and t h e i r modes are mostly d i r e c t e d 
towards e i t h e r the west-nor thwest /nor thwest or south-southwest / 
southwest . However, polymodal d i s t r i b u t i o n occurs a t l o c a l i t i e s 
1, 10, 26, and 92 with the mean forese t azimuth or ien ted towards 
no r theas t , and at l o c a l i t i e s 10, 36, 54, 97 and 150 o r i e n t a t i o n 
l i e s in southeast quardan t . Majority of the azimuthal d i s t r i b u t -
ions are d i rec ted towards the west-northwest and south-southwest . 
The crossbedding azimuths a t the s ec to r level are•recorded in ' 
table- IX and p lo t t ed in f i g u r e - 1 1 . There are bimodal d i s t r i b u -
t i ons in 13, unimodal and trimodal in 10 each and quadrimodal 
in 2 s e c t o r s . General ly, they are d i r ec t ed toward e i t h e r the 
west-northwest /northwest or south-southwest /southwest . 
At the subarea l e v e l , the data (shov/n in Table-X, F ig . 12) 
represen t a fur ther increase in the incidence of polymodal 
d i s t r i b u t i o n . Out of 14 subarea d i s t r i b u t i o n s , bimodal d i s t r i -
but ions are apparent in 8 subareas, and the remaining 3 each 
are unimodal and t r imoda l . In bimodal d i s t r i b u t i o n s , three 
modes are or iented near ly a t . 90 and one of them i s u sua l ly 
s t rongly developed po in t ing e i t h e r towards the southwest or > 
northwest . In t r imodal d i s t r i b u t i o n s , three modes aire 9Q ' 
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TABLE-VIII 
L o c a l i t y Level Values of Vec tor Mean (J2v) and Vector 
Magnitude (L%)j fo r Gwalior Sands tones Cross Bedding 
Data from Gwalior D i s t r i c t , M.P. 
Locality 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13" 
14 
15 
16 
17 
18 
.19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
- 37 
38 
39 
40 
N 
19 
16 
10 
20 
10 
22 
17 
19 
9 
29 
24 
18 
7 
19 
30 
0 "^  
7 
14 
23 
18 
19 
13 
24 
22 
8 
22 
30 
24 
21 
22 
30 
20 
21 
10 
20 
5 
6 
6 
8 
20 
j2JV in 
Degrees 
43 
292 
330 
3 09 
246 
220 
250 
324 
307 
172 • 
256 
244 
199 
260 
25B' 
29 8 
298 
16 
271 
292 
294 
278 
229 
230 
38 
29 
2 39 
264 
281 
267 
217 
236 
186 
325 
328 
153 
295 
260 
339 
223 
L% 
88.00 
94.36 
96.73 
96.48 
97.10 
96.72 
94.88 
97.05 
37.33 
81.82 
88.58 
92.38 
98.28 
96.61 
34.53 
83.66 
96.42 
90.57 
70.26 
96.11 
9 2.89 
83.61 
86.16 • 
81.09 
97.37 
74.27 
32.56 
79.58 
93.23 
90.77 
57.46 
96.85 
97.42 
57.80 
74.20 
96.60 
96.60 
97.83 
92.87 
52.10 
Locality 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
'< 79 
80 
N 
18 
19 
20 
7 
21 
23 
21 
19 
16 
24 
22 
24 
19 
31 
22 
16 
22 
9 
28 
21 
34 
23 
11 
8 
15 
11 
7 
13 
14 
15 
22 
22 
24 
14 
16 
15 
21 
27 
31 
11 
i2fV in 
Degrees 
249 
340 
234 
268 
321 
298 
2 88 
296 
280 
189 
247 
267 
189 
170 
340 
299 
333 
356 
346 
231 
283 
189 
221 
314 
317 
313 
249 
322 
317 
217 
224 
340 
203 
346 
287 
306 
212 
248 
242 
329 
(contd, 
L% 
84.94 
87.26 
82.90 
96.57 
92.80 
93.26 
93.71 
85.26 
86.50 
88.50 
81.90 
95.58 
95.84 
95.58 
97.95 
93.37 
98.68 
97.66 
95.67 
92.90 
88.14 
87.80 
57.54 
77.87 
92.00 
98.81 
66.00 
93.46 
97.14 
95.53 
96.04 
61.95 
15.12 
86.85 
92.50 
47.00 
96.61 
60.25 
81.29 
96.54 
.) 
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TABLE-VIII (contd.) 
Locality N ^V in 
Degrees 
L% Locality N ^V in 
Degrees 
L% 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
93 
99 
100 
101" 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
5 
7 
5 
22 
9 
19 
14 
24 
19 
7 
6 
24 
11 
- 10 
13 
9 
15 
22 
15 
9 
14 
11 
5 
43 
16 
8 
19 
23 
30 
29 
21 
21 
14 
23 
21 
2 85 
338 
302 
292 
225 
260 
270 
250 
221 
304 
260 
13 
212 
312 
319 
247 
122 
322 
298 
227 
298 
287 
313 
198 
225 
2 89 
288 
19 4 
189 
3 04 
252 
292 
16 
298 
205 
94.60 
89.14 
91.40 
90.40 
87.88 
92.52 
91.07 
82.20 
97.31 
37.71 
98.16 
64.08 
91.81 
88.70 
85.84 
64.44 
97.26 
76.09 
84.9 3 
70.33 
96.64 
96.09 
92.60 
43.18 
93.37 
95.12 
97.13 
83.26 
97.80 
83.89 
75.38 
92.42 
86.85 
91.52 
76.95 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
' 141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
30 
21 
23 
22 
28 
22 
7 
23 
29 
28 
20 
21 
21 
28 
13 
24 
31 
15 
33 
5 
28 
22 
18 
36 
6 
29 
18 
29 
27 
18 
17 
20 
20 
18 
19 
197 
49 
195 
308 
349 
296 
251 
287 
310 
263 
255 
252 
196 
4 
268 
325 
341 
259 
2 04 
241 
247 
318 
292 
315 
241 
311 
298 
314 
192 
194 
284 
293 
310 
287 
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88.33 
97.57 
96.47 
97.68 
93.75 
96.81 
94.42 
97.56 
92.13 
87.96 
99.95 
98.80 
92.90 
96.85 
72.76 
81.58 
78.77 
9 3.06 
44.66 
92.60 
77.21 
94.00 
72.50 
75.16 
86.83 
91.93 
94.77 
81.82 
20.48 
90.50 
88.41 
100.00 
92.90 
78.22 
94.36 
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apart and two of them, point towards the northv;est and southwest. 
The third mode, points towards either the northwest or southwest • 
and is usually far less developed. 
The area aggregate frequency distribution of crossbedding azimuth 
is finally unimodal and somewhat asymmetrical. The mode of the 
area aggregate distribution (Fig. 12) is directed towards the 
we s t- no rrhws s t. 
The vector mean azimuths (.GV) for locality level distributions 
are given in table-VIII. Apparently large number of unimodal 
di5triba-ions acleqiiately represent "he e.ominant palaeocurrenr 
in the '..-est-northwest direction. Since, polymodal distributions 
form a small fraction of the total locality distribution these 
are ignored. 
At the sector level more than half of the total distributions 
are polymodal. The presence of tv/o dominant and independent 
subpopulations has been recorded by grouping of sector population 
(vector mean azimuths for unimodal and modal vector mean azimuths 
for polymodal distribution in 30 class) towards west-northwest/ 
northwest and scuth-southwest/southwest directions. Out of a 
total of 35 sectors mean azimuths in 22 sectors lie within 270 
and 335 quadrant (Table-ix). This conclusion is very well 
supported by the common orientations of modes of the sector 
distribution in the above mentioned directions. 
o^ 
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TABLE-IX 
Sector Level 
Values of Vector Mean (j^v). Vector Magnitude (L%), 
Standard Deviation (S) and Variance (s2),For 
Gwalior Sandstones Cross Bedding Data from Gwalior 
District,M-P. 
sector 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
N 
45 
97 
126 
89 
91 
103 
45 
100 
120 
52 
86 
'70 
•21 
61 
46 
97 
84 
97 
99 
69 
81 
14 
41 
30 
58 
42 
141 
124 
56 
69 
52 
145 
93 
163 
94 
Nature of 
Distribution 
Trimodal 
Trimodal 
Bimodal 
Unimodal 
Trimodal 
Trimodal 
Trimodal 
Unimodal 
Bimodal 
Bimodal 
Trimodal 
Bimodal 
Bimodal 
Quadrimodal 
Trimodal 
Bimodal 
Trimodal 
Unimodal 
Bimodal 
Trimodal 
Unimodal 
Bimodal 
Unimodal 
Unimodal 
Bimodal 
Unimodal 
Bimodal 
Trimodal 
Unimodal 
Unimodal 
Unimodal 
Bimodal 
Quadrimodal 
Bimodal 
Bimodal 
i^V in 
Degrees 
340 
260 
237 
301 
2 60 
244 
329 
297 
207 
297 
274 
249 
261 
357 
300 
285 
262 
335 
234 
305 
278 
252 
277 
295 
286 
276 
216 
306 
287 
257 
298 
300 
276 
293 
297 
L% 
55.55 
59.80 
72.77 
71.73 
61.29 
67.93 
81.08 
88.15 
74.43 
66.36 
49.62 
79.48 
58.66 
22.75 
65.23 
41.31 
65.79 
90.75 
72.59 
41.81 
75.93 
71 .21 
87.90 
95.90 
40.94 
79.95 
55.12 
9.13 
93.71 
94.43 
92.11 
48.84 
46.80 
64.42 
58.06 
S 
58.72 
56.57 
18.64 
52.63 
57.02 
52.47 
75.26 
30.60 
45.37 
53.98 
66.48 
40.05 
54.57 
87.52 
53.94 
76.11 
50.15 
26.00 
44.80 
78.31 
44.70 
44.76 
29.26 
17.90 
7 3.85 
38.11 
64.49 
91.39 
20.96 
19.76 
23.37 
62.46 
69.57 
59.21 
67.80 
2 
s 
3448.30 
3200.26 
347.61 
2770.15 
3251.94 
2753.24 
5664.72 
936.36 
2058.65 
2913.88 
4419.83 
1604.34 
2978.80 
766.40 
2910.00 
5794.03 
2515.61 
676.04 
2007.43 
6133.36 
1998.11 
2003.53 
856.47 
320.68 
5454.52 
1452.73 
4159.86 
8352.87 
439.34 
390.52 
546.43 
3901,56 
4840.14 
3506.98 
4597.16 
150 
161 
At .the subarea level the population of mean azimuths (Table-X) 
shov/s adequately the dominant palaeocurrent in the west-northwest 
and south-southwest direction and most of the mean azimuths still 
lie within the 252 -310 range. The vector mean azimuth for the 
area aggregate distribution is 273 almost showing nearly due 
west direction. 
The vector magnitude (L%) values for locality level distributions 
(Table-VIIl) generally range from 32.56 to 100 per cent, but 
majority of such distributions range from 72 to 100 per cent 
(132'out of a total of 150). Only one locality has abnormally 
low value (15.12 per cent) and if it is ignored,the arithmetic 
mean of locality level vector magnitude value is 85.51 per cent. 
At the sector level the distributions of vector magnitude (L%) 
values (Table-IX) generally range from 40 to 95 per cent, but 
in nearly half of the total sectors (19 out of 35) the range is 
55 to 80 per cent. Two sectors have abnormally small values 
(22.75 and 9.13 per cent) and if these values are ignored, the 
arithmetic mean of sector level vector magnitude value is 68.66 
per cent. 
For the subarea distributions vector magnitude values (Table-X) 
generally range from 43 to 88 per cent (averaging 65.5 per cent). 
For the area aggregate distribution, vector magnitude value is 
56.77 per cent. 
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TABLE-X 
Sub Area and Area Level Values of Vector Mean (l^V), 
Vector Magnitude (L%), Standard Deviation (s) and 
2 
Variance (s ) , for Gwalior Sandstones Cross Bedding 
Data from Gwalior District, M.P. 
Sub-Area 
Level 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
N 
268 
328 
358 
198 
181 
346 
14 
129 
183 
180 
121 
238 
163 
94 
Nature of 
Distribution 
Trlroodoi 
Bimodal 
Unimodal 
Trimodal 
Bimodal 
Bimodal 
Bimodal 
Unimodal 
Bimodal 
Trimodal 
Unimodal 
Bimodal 
Bimodal 
Bimodal 
jZfV in 
Degrees 
253 
273 
264 
310 
272 
2 84 
252 
286 
2 33 
291 
275 
291 
293 
297 
L% 
46, 
57, 
53. 
43. 
54, 
53, 
72, 
62 
54, 
35, 
87 
46 
64 
58 
.55 
.91 
.70 
.36 
.47 
.50 
.21 
.67 
.16 
.56 
.53 
.88 
.42 
.06 
S 
65, 
59. 
61. 
79. 
67. 
62. 
44, 
53, 
62, 
75, 
29 
67 
59, 
67 
.96 
,36 
.53 
.55 
.45 
.58 
.76 
.01 
.13 
.76 
.55 
.09 
.21 
.80 • 
/* 
4350, 
3524. 
3792. 
6329. 
4550. 
3916. 
2003, 
2810, 
3366 , 
5740, 
873, 
4501, 
3506, 
4597 
• 
.98 
.48 
,15 
.69 
.70 
.82 
.53 
.69 
.43 
.39 
.33 
.97 
.98 
.16 
AREA 
LEVEL 2799 Unimodal 273 52.63 67.44 4548.64 
1 6 3 
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At the locality level the standard deviation and variance values 
v/ere not calculated since the number of measurements at individual 
localities rarely exceed 40. At the sector level, standard 
deviation generally ranges from 18 to 91 (Table-lX) but the 
most common range is 55 to 75 which covers nearly half of the 
total subarea values (17 out of 35). The arithmetic mean of 
sector velues is 52. 
For the subarea distribution, standard deviation values range 
from 30 to 80 (Table-X) and the arithmetic mean of subarea 
velu'^s i.; 61. The standard deviation value for the ;-^ rea aggregate 
aistribu ;ion is 67. 
The variance values for sector level distribution range from 
321 to 3353 (Table-lX). Out of 35 sectors only in 7 distribu-
tions higner values ranging from 4420 to 3353 are obtained. 
However, values less then 1000 are auite common an-c'i were 
yielded by almost one fourth of the tot-^ l sector distributions 
(9 out or 35). For the subarea distributions, generally the 
variance values range from 373 to 6330 (Table-X). For the area 
aggregate distribution variance value is 4549. 
MISCELLANEOUS DIRECTIOHALS 
Miscellaneous directionals include ripple assymetry, ripple 
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trends, current-drag fold axis trend and current-drag fold 
asymmetry. Miscellaneous directional data are insufficient 
putting thereby limiations for a composite analysis of direc-
tionals. The variability of each of such directionals was 
undertaken on the basis of aggregated data from entire Par and 
Morar sequence. 
Variability analysis in the present work includes construction -
of rose diagrams (plotted in 30 class intervals) and calcula-
tion of vector means for distribution of one-way directionals. 
For tv;o-way directionals variability analysis includes orienta-
tion diagrams, (plotted in 30 class intervals) and determination 
of vector means. 
Ripple asymmetry analysis is based on a total of 70 azimuths 
recorded from 43 localities (Append,ix-VIII) . The frequency 
distributions of the aggregated data from Par Sandstone ' (Fig. 
13) is trimodal and shows direction mainly towards v/est-northwest/ 
northwest. The vector mean azimuth calculated for the three 
modes are 30°-60, 90°-120° and 240°-270° class intervals. 
Ripple trend invariably yielded a maximum of 296 azimuths 
recorded from 43 localities (Appendix-VIII). Aggregate ripple 
trend data,, represented in the form of composite two-way 
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o r i e n t a t i o n diagram, shows two c l e a r l y marked p re fe r red t rends 
of r i pp l e c r e s t s desp i t e t h e i r v a r i a b i l i t y . The modes occur in 
30°-60° c l a s s and 120°-150° c l a s s i n t e r v a l s of .0°-180° d i s t r i -
but ion and two trends are or iented exac t ly a t 90 (F ig . 14) . 
The asymmetry of cu r ren t -d rag folds data was recorded a t 7 
l o c a l i t i e s (Appendix-VIIl) which yie lded 34 azimuths. The trend 
i s unimodal and the mode i s preferably d i r ec t ed tov/ards the 
southwest (Fig. 15) and the vector mean azimuth ca l cu l a t ed for 
the mode i s 199 . 
Current-drag fold axis t rend was recorded a t 7 l o c a l i t i e s 
(Appendix-VIIl) and y ie lded a t o t a l of 45 azimuths. The two-way 
o r i e n t a t i o n diagram (F ig . 16) based on axis trend data shows a 
s ing le preferred t rend or ien ted almost e a s t - w e s t . The vec to r 
mean azimuth for t h i s d i s t r i b u t i o n i s 93 . 
Palaeogeographic I n t e r p r e t a t i o n 
I n t e r p r e t a t i o n of i n f e r r ed trend of r i p p l e marks, o r i e n t a t i o n 
of cur ren t -drag folds and e longat ion of sand bodies p o i n t to 
the probable o r i e n t a t i o n of the shore l i n e . 
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RIPPLE ASYMMETRY 
297 
€ • / . 
F ig. 13. Composite Rose Diagram showing distr ibut ioa 
( in 30 classes ) of Ripple Asymmetry Azimuths 
aggregated from Gwal io r sands tone of Gwalior., 
( M. R) 
RIPPLE TREND 
N = 296 
277 
187 
Fig. K . Two ways Or ien ta t ion Diagram showing d i s t r i bu t i on 
( i n 30° c l asses ) of Ripple Crest Az imu ths aggregated 
f rom Gwal ior sandstone of G w a l i o r , M.P. 
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Trend of Ripple Marks 
The utility of the trend of ripple marks for determining shore 
line orientation in the ancient sediments was emphasized by 
Picard (1967b) and Picard and High (1968). Shore line trend 
controls the orientation of both -wave and current formed 
ripples in a nearshore. marine environment. Wave formed ripples 
generally get oriented parallel to the shore as a result of 
wave refraction due to friction with the bottom (Picard, 1967a, 
b ) . Such ripples in conjunction with orientation strongly suggest 
that their orientation parallel to the shore occurs under the 
marine influences. In view of the stationary oscillation waves 
and their orientation it is likely that the ripples may be 
influenced by the wind direction, and not by shore line orienta-
tion (Davis, 1967). This is well explained firstly by symmetri-
cal ripple marks which do not necessarily represent oscillatory 
wave motion as proved by experimental studies (McKee, 1965) and 
observations of modern ripples of tidal flats (Van Straaten, 
1954a) and secondly by a general parallelism between ripple 
orientation and the shore trend in the nearshore environment 
has been demonstrated by several workers (Scott, 1930; King, 
1948; Greiner, 1962; Davis, 1965; Tohill and Picard, 1966; 
Picard, 1967a, b; and Picard and High, 1968). The shore line 
pattern of cucrent ripples acquire definite orientation in 
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relation to shore because in the nearshore marine environment, 
complex trends develope due to wave drift, tidal and longshore 
current systems. These trends are controlled and modified by 
bathymetric slope and shore line (Picard and High, 1963) . 
Ancient examples are abundant and are most commonly attributed 
to deposition in a tide dominated environment. Onshore and 
offshore currents raoving up end dov/n the bathymetric slope 
hitherto orient the ripples parallel to the shore. Subsequently^ 
the longshore currents moving along the coast line generate 
ripples that trend perpendicular. Majority of the ripple 
co:npio-:s£ trena parallel or norm-1 to shor-, others 'vnich 
acquire cclique oricntotion o\;ing zo irreoui^r rrerd or shore 
line and/or its incomplete control over currents. In the near-
shore marine environment v/here diverse current systems operate 
(Klein, 19b7b) rippl'= trend will be highly variable. Bedding 
surfaces often show ripple marks of different tyoes =nd v.-ith 
diverse orientations. Despite this, two preferred trends 
parallel and normal to shore line will be discernible because 
of the control of shore line and bathymetric slope on currents 
and waves. 
The Par Sandstone of Gv/alior appears to be an example of near-
shore marine deposits. Statistical analysis proved helpful to 
determine preferred trends and their relation to the orientation 
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of the ancient shore line. Ripple trend data with 296 azimuth 
V7as aggregated and analysed as a whole. The highly variable 
orientation of ripple crests in Par Sandstone (Fig. 14) is 
quite consistent with the nearshore marine environment. The 
high variability is probably a result of diverse and complex 
current system that existed during deposition of Par Sandstone. 
However, despite their highly variable orientation the ripple 
crests shov/ tv/o subequal preferred trends in east-southeast/ 
v;est-northwest and north-northeast/south-southwest directions. 
The two preferred orientations trend exactly perpendicular. 
Either of the two preferred trends may reflect the orientation 
of tnc ancient shore line. Hcv.-ever, the e sst-southeas t/west-
northwest trend is the most likely choice as supported by other 
lines of evidence discussed elsewhere. 
Orientation of Current-Drag ?old 
Current-drag folds typically display another evidence of east-
southeast/west-northwest trend of the shore line. Such current-
drag folds are closely associated with the channel sandstone 
v/ith all probability owe their origin to current drag since 
a close relation exists betv/een the deformation and the 
current direction. Since, such folds are believed to have 
formed due to currents operating in tidal channels, their axes 
tend to orient acress th'e channel elongation, and, therefore, 
parallel to the shore line .The two-v/ay orJentatiDn diagram(Fig. 16) 
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CURRENT-ORAO FOLD ASYMMETRY 
N - 3A 
0 
L 
6 •/. 
Fig. 15. 
199 
Rose Diagram showing d is t r ibu t ion ( in 30° classes ) of currant 
Drag-Fold Asymmetry Azimuths f rom Gwalior sandstone of 
Gwol ior, M.P. 
CURRENT-DRAG FOLD AXIS TREND 
273 
Fig. 16. Two way Orientation Diagram showing distr ibut ion ( in 30° classes ) 
of current-Drag Fold oxis Azimuths from Gwalior sandstone of 
Gwollor, M.P. 
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based on 45 azimuths of cur ren t -d rag fold axes from widely • 
d ispersed l o c a l i t i e s , shows a s ingle p re fe r red trend o r i en t ed 
e a s t to west. The vec tor mean azimuth for t h i s t rend ca l cu l a t ed 
on the bas i s of 0-180 d i s t r i b u t i o n i s 93 . This t rend c lo se ly 
approximates to eas t - sou theas t /wes t -no r thwes t t rend of shore 
l i n e infer red from o the r l i n e s of ev idence . The o r i e n t a t i o n 
r e p l i c a t e d moderately well with the r ep re sen t a t i ve complex 
p a t t e r n s of shore l i n e t r e n d . 
Elongation of Sand Body 
Oriente-tion of elonypte sandstone bodies i s helpful in decipher-
ing the depos i t iona l s t r i k e or r e p l i c a t e s t rand l i n e , fo r known 
environment of depos i t ion (Po t t e r , 1967; P o t t e r and P e t t i j o h n , 
1963). Sand bodies formed in t i d a l channels are mostly e longate 
and o r i e n t at 90°to the shore l ine (Po t t e r , 1967). In the study 
a rea , prominent e longate sandstone bodies i n t e r p r e t e d as t i d a l 
channel and i n l e t s d e p o s i t s occur within uni t C of Par Sand-
s t o n e . Three such major e longate sandstone bodies were recorded 
a t Ghosipur, Moti jhi l and Nayagaon and a l l of them were found 
to be or iented no r th -nor theas t / sou th - sou thwes t . I t appears , by 
t h i s impl ica t ion t h a t the ancient shore l ine was o r i en ted in a 
genera l eas t - sou theas t /wes t -nor thwes t d i r e c t i o n . 
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Bearing in mind the principle of equifinality, the orientation 
of ripple marks, current-drag fold axis trend and elongation 
of sandstone bodies indicate the deposition of Par Sandstone_ 
with the general orientation of the shore line in the east-
southeast/west-northwest direction. The 97°-277 trend deter-
mined statistically from a large number of ripple crest azimuths 
(N = 296) in all probability represents the average shore line 
orientation. 
ENVIRONf^NTAL CONTROL ON DISPERSAL PATTERNS 
The Gwalior sequence shows an overall sea marginal stratigraphy 
as revealed by a close study of the dispersal pattern and depo-
sitional environments. The sequence represents deposition in 
the initial stages of basin development under low energy 
conditions of supratidal and tidal flat environment. 
The sediment dispersal inferred for Par Sandstone of Gwalior 
sequence is an index of the higher energy conditions of low 
tidal flats, large tidal channels, inlets and beaches. The 
sediment dispersal pattern suggest mostly one-way longshore, 
and onshore and offshore sediment transport. The magnitude of 
the longshore transport and the influence of onshore drift 
appears slightly more effective. The superiority of onshore 
over offshore current is attested by landward overturning of 
174 
of current-drag folds associated with the tidal channel sand-
stone bodies. 
Except local variations there appears a close agreement between 
the dispersal patterns and depositional environments of Par 
Sandstone. Inlet migration and consequent reworking of barrier 
sediments appear to have been capable of transporting and 
depositing the sediments probably in their close vicinity. 
Since, inlet migration is knov\m to occur along coasts where 
longshore currents are predominant (Hoyt, 1968) and are documented 
almost clearly by the Par Sandstone. However, the superiority of 
onshore over offshore currents indic^^tes the different initial 
conditions of operation of both types. It appears that the 
strong flood currents kept open the inlets and allowed passage 
of v/ater and sediments from the open sea to the flats behind 
the barriers. 
The apparent trimodal dispersal pattern shown by ripple 
asymmetry (Fig. 13) is also undoubtedly environmentally 
significant. Trimodal orientation of current ripples have 
consequently been reported from modern intertidal sediments 
(Klein, 1970a). It appears that the trimodal orientation 
develope due to generation of ripples during the slope 
controlled, late stage sheet run-off. Ripple asymmetry data 
of the study area has been mostly collected from the unit B 
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of Par Sandstone. This unit has been interpreted as deposits 
of low tidal flat environments which are known to be characterised 
by late-stage sheet run-off. The similar process might thus be 
regarded as analogous to such flow, and in these terms probably 
the trimodal orientation of asymmetrical ripple marks developed. 
PROVENANCE 
Along the study area, the sediments appear to have been derived 
from multiple sources. In viev/ of the 'fining shoreward* textural 
distribution of the sediments v/it'nin the Par Sandstone and Morar 
Shale of Gwalior, it is likely that sed.im'^nts were .-nostly derived 
from the sea. The sediment attributes support a proposed concept-
ual process response model of a tidal flat. Supply of sediments 
from seaward side, reported as a characteristic feature of 
modern tidal flats; is a consequence of landward sediment 
transport by flood v/aters and failure of ebb waters to return 
an equal amount of sediments seaward (Postma, 1954, 1961; Van 
Straaten and Kuenen, 1958; Van Straaten, 1961 and Shinn, et al., 
1969). In accordance with the hypothesized model, it is probable 
that the Par Sandstone was deposited in tidal flat and related 
environments. The sediments of the nearshore areas were mainly 
brought by longshore currents from sources located in the east-
southeast direction. This is suggested by the prominent west-
northwest directed palaeocurrents with the parallel orientation 
to the shoreline. 
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An attempt has been made to identify the potential source 
areas for sediments of the Gwalior rocks by examining the 
nearshore sediments for gravel lithology, heavy mineralogy 
of the terrigenous sands, and the particle-size distributions 
to estimate the relative importance of the various sources. 
The presence of detrital clasts of orthoquartzite, ferruginous 
shale, recycled quartz, rounded grains of chert and restricted 
heavy mineral suit mainly of most durable and well rounded 
species of heavies like tourmaline and zircon strongly support 
the presence of unmetamorphosed sedimentary rocks such as 
c5rthoquartzite, shale and limestone in the source area. 
The assemblages of low grade metamorphic rocks, such as phyllite, 
metaquartzite, slate, quartzite and detrital mica along with 
grains of 'recycled metamorphic' and 'stretched metamorphic' 
quartz suggest that some of these sediments might have been 
brought from low grade metamorphic provenance. However, sediment 
budget study indicates that a substantial quantity perhaps was 
derived from basic and acidic igneous rocks as is indicated by 
opaque heavy minerals, such as magnetite and ilmenite. Within 
the sands of granitic source, quartz is the preponderant mineral. 
Angular and euhedral grains of zircon (first cycle), potash 
feldspar grains and 'common* quartz grains indicate the 
presence of granites and gneisses in the provenance. Granitic 
rock fragments make only a small percentage of the sand grains, 
but often predominate in coarser fractions. 
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The differences in composition of the released sediments are 
detectable between the three source area types. Thus, the 
provenance consisted of diverse rock assemblages, such as 
sedimentary rocks (orthoquartzites, ferruginous shales, lime-
stones), low grade metamorphic derivatives of sandstone and 
shale (meta-quartzite, phyllite and slate), basic igneous rocks 
and granites and gneisses. 
The Gwalior rocks overlie mainly granites and gneisses, and 
metasediments (Oldham, 1863; Pascoe, 1965; Wadia, 1957; Krishnan, 
1982). The granites and gneisses form the basement over which 
the sediments were deposited with pronounced unconformity,at 
places (Rao, 1964; Atram, 1967). The Gwalior basin consist mainly 
of orthoquartzite, ferruginous shales, jasper, slate, phyllite, 
cherty limestone and basic intrusives. 
The metasediments of Gwalior area comprise Bijawars, which show 
little metamorphism and contain lava flov/s. The lithology of 
Bijawars is surprisingly almost similar .and consists mostly of 
orthoquartzites, ferruginous shales, banded jaspers, cherty 
limestones and lavas. 
Thus the^ present study suggests that the Gwalior basin was 
.surrounded almost completely by unmetamorphosed/low grade 
metamorphosed sediments, granites and gneisses and basic igneous 
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rocks which provided sediments to the basin. In all probability 
metasediments were the dominant source and hence must have covered 
extensively the basement granites and gneisses (Oldham, 1863; 
Pascoe, 1965). It appears therefore that the composition oE the 
source rocks played an important role in the evolution of compo-
sitional and textural maturity of the Gwalior sediments. 
AS remarked earlier, the predominant palaeocurrents suggest 
that Gwalior sediments of the study area were brought mainly 
by longshore current from source located in the southeast 
direction. This source was- in all probability extensive 
Bijawar deposits and uncovered portion of the Bundelkhand 
Granite. 
CHAPTER-VI 
CONCLUSIONS 
The rocks of Gwalior Supergroup, having an average thickness 
of 660 m in the study area, form a part of the Precambrian 
terrain in the northwestern region of Madhya Pradesh around 
the famous city of Gwalior. The Middle Proterozoic Gwalior 
rocks rest unconformably on the Bundelkhand Granites and 
Gneisses and represent deposition of lowest sequence in the 
basin fill in the initial stages of basin development. These 
rc9k3 are formally divisible into two mutually conformable 
Par Group and Morar Group in the ascending order. Within these 
groups, two or more units are recognised, v;hich represent 
distinctive lithology and physical sedimentary characters. 
The Gwalior rocks roughly correspond to the upper part of 
Aravalli sequence and the lithology of the succession has 
much similarity to that of the Bijawar Group. However, the 
Gwalior rocks appear to be relatively less deformed as compared 
to the Bijawars. The interbedded basic flov;s have given an 
isochron age of 500 Ma, oldest of them being 1895 Ma. 
The east-southeast-west north-west trend of the Gwalior rocks ' 
probably represents their depositional strike since no appre-
ciable chrsnge of thickness is marked in this direction. The 
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contact betv/een Par Group and Bundelkhand Granites and Gneisses 
is often marked by a well defined unconformity. Coarse elastics 
including pebbles and conglomerate predominate in the basal part 
which mark the passage from the coarse clastic arenaceous litho-
logic association to the essentially sandy upper half of Par 
Sandstone which is formed of generally medium to fine sand. 
Sedimentary structures of diverse tyoes like large scale cross-
bedding and parting lineations are characteristic of the fornation: 
Symmetrical, asymmetrical and rhombic type of ripple marks are 
generally of large size than those occurring in the lower half 
of Par Sandstona. Other structures of diverse types including 
rib and furrow, rill mark.^, sv/ash T.ar;;:s --r.i convolute laTi.inations, 
current-drag structures occur almost exclusively in association 
with the channel fills . 
The Par Sandstone is generally ripple laminated and ripple 
cross-laminated in the lov/er part and crossbedded in the upper 
part and occurs in.two distinct facies, sheet and channel facies, 
which show different sedimentary characteristics. 
Morar Group generally consists of fine elastics in the lower 
half, carbonate rocks of uncertain thickness and interbedded 
traps in the upper half. Thin bands of ferruginous, siliceous, 
jasgideous and silty shale lenses occur exclusively in purple 
red coloured Morar Shales. Symmetrical and rhomboic ripple 
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marks, small scale trough crossbeds, swash marks, groove casts 
and convolute laminations generally occur in the lower part of 
the Morar Shales. 
Carbonate rocks of variable colour and thickness predominate in 
the upper part of the Morar Group. The limestone is cherty and 
shows occasional presence of stromatolites. 
The detailed petrographic study shows that the sandstones are 
invariably mature both texturally and mineralogically, and thus 
are of monotoncus orthoquartzite type. Indeed, the compositional 
maturity spcears pc-rtly ov/ing to the presence of recycled quartz 
grains and partly to metasediments and stable tectonic framework 
of sedimentation. The sandstones are generally medium to fine 
grained, well to moderately sorted, unimodally distributed, 
symmetrically skewed and lepto- to mesokurtic. All these 
characters demon3trr3te that these elastics were reworked and 
arranged according to size grades prior to the deposition. 
Generally the quartz grains are subrounded to rounded and show 
unimodal distribution of roundness. The siliceous constituent 
further attest the mature nature of these sandstone. The 
diagenesis has a mild affect on porosity of the sandstones 
whereas the available spaces between each grains are filled 
up entirely v/ith silica due to pressure solution and silica 
cementation. Occasional presence of glauconite in the Par 
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Sandstone suggests that glauconitization of clay pellets pr<3bably 
occurred in the semi-oxidising seamarginal environment. 
Petrographical studies of Morar Group limestones shov; that they 
are micritic and are classified broadly into the following 
environmentally sensitive microfacies : intrasparrudite, micrite 
and interlaminated micrite-calcisiltite. Most dolomite, in Morar 
Limestone, is of penecontemporaneous replacement origin which 
seems to have occurred while the limy sediment v/as fairly soft 
or not burried deeply. Modern sea marginal supratidal and shallow 
lagoon environments often show evidence of almost similar early 
dolomitizetion. 
The depositional environments of Gv/alior rocks have been inferred 
on the basis of lithology, texture and sedimentary structures and 
comparison with the best fit process-response models of modern 
sediments of diverse environments. The sedimentation of Par Group 
of sediments ushered in with conglomerates indicating a progra-
dational, gravelly, high-energy shoreline model. High degree of 
segregation of pebbles is perhaps a distinctive feature of 
gravel v/ork by waves. This feature, in conjunction with multi-
directional crossbedding azimuths, strongly suggest that this 
facies was originated in nearshore marine environment under the 
influence of wave activity. • 
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On the other hand, fine grained and flat bedded facies belonged 
mostly to tidal flats in view of the dominance of sand sized 
material and bed load transport. Moreover, the presence of 
abundant microcross-laminations, small scale crossbedding and 
asymmetrical ripple marks further strengthen the evidence 
attesting to its tidal origin. The upper part of the formation 
is characterized by mature sands and fining upward sequence, both 
of v.'hich ere perhaps related to the influence of tidal inlet and 
channels, v.'here barrier bars are knov;n to form. The presence of 
glauconite almost throughout the sequence further indicate marine 
influence on sedimentation. 
Morar Shales are attributed to essentially suspension deposits 
from very slow moving or tranquil waters. 3y analogy, the mutual 
distinction between both the lov/er and upper parts of Morar Shale 
appear related to variable floiv regime conditions. The -lov/er" 
unir was probably resulted broadly in the lov/ energy mai'ine 
environment, somewhat similar to that of higher parts of tidal 
flats where current and wave actions v/ere meagre to produce 
sedimentary structures of higher energy environments. On the 
contrary, succeeding unit appears to be deposited perhaps under 
conditions of slightly higher energy regime. The distribution 
of ferruginous content within the units, and the sedimentary 
structures • represent tidal and lagoon deposi-^ ts laid down 
possibly under two closely related environments. Dissolved 
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iron and silica and possibly magmatic or volcanic source has 
probably provided the iron to sea floor. 
The very slow rate of subsidence perhaps was accompanied by 
sedimentation and influx of carbonate sediments. Rapid built-up 
of interdeltaic shoreline environments, probably initiated the 
deposition of limestones as supratidal and coastal lagoon 
sediments. The very extensiveness of the submerged shelves 
almost prevented the wave action and resulted the accumulation 
of thinly laminated mudstone mainly from suspension in a lov/ 
energy supratidal environment. The period of increased protection 
and the shallov/ness initiated the deposition of distinct homoge-
neous fins carbonate elastics exceptionally from suspension under 
reducing conditions and the absence of wave action. Later 
conditions similar to coastal lagoon developed in which the 
deposition of terrigenous clastic took place. The deposition 
was also marked with the occ-sional igneous activity that ended 
with the development of extensive trap rocks. 
Palaeocurrent and sediment dispersal patterns of Gwalior sequence 
have been determined from crossbedding and subsequently recons-
tructed by relating palaeocurrent to the inferred shoreline 
trend and palaeoslope. The Par Group of sediments appear to be 
an example of hearshore marine deposit. The majority of the 
crossbedding azimuth distributions are primarily unimodal and 
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almost symmetrical and their modes are mostly directed towards 
either the v/est-northwest/northwest and south-southwest/southwest. 
The area aggregated frequency distribution of crossbedding azimuth 
is finally uniraodal and somewhat asymmetrical, and its mean 
orientation is 273° with a variance of 4548 and standard deviation 
67° and the mode of distribution is directed towards the west-
northwest. This indicates that the sediments of the nearshore 
areas v/ers mainly brought by longshore current from source 
located in the east-southeast direction. 
Durina deposition of the Gwalior rocks, sediments v;ere introduced 
into t:he bssin chiefly from east-southeast .The provenance 
consisted of pre-existing lov; grade metamorphose sediments, 
granites and gneisses and basic igneous rocks, orthoquartzites, 
shales and limestones. This source included, in all probability, 
extensive Bijev/ar deposits and Bundelkhani Granites, v;hich are 
found well exposed in the east-southeast of the investigated 
area. 
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APPENDIX-I 
Inclination Data of Cross Bedding from Gwalior Sandstones 
of Gwalior District, M.P. 
Locality Inclination of 
Foresets(Degrees) 
Locality Inclination of 
Foresets(Degrees) 
2 
4 
6 
8 
10 
12 
14 
16 
18 
22 
24 
26 
28 
30 
32 
34 
36 
38 
5, 5, 10, 10, 15, 15, 
20, 20, 20, 22, 22 
12, 12, 16, 21, 21, 
34, 38, 38 
30 
10, 20, 20, 23, 27 
'12, 17, 21 
21, 24 
25 
8, 12, 15, 19, 25 
6, 9, 10, 11, 17, 19 
27, 30, 35, 39 
23 
6, 6, 12, 15 
16, 20, 24, 24 
9, 11 
37 
10, 10, 12, 15, 16, 18, 
20, 20, 25, 25, 27, 30, 
36, 40 
16, 20, 20, 30 
5, 7, 7, 10, 10, 12, 
13, 14, 14, 15, 17, 
17, 20 
40 5, 8 
42 10, 12, 12, 18, 18, 
20, 26, 30, 32, 32, 
35, 35, 39, 39, 39, 
42, 42 
44 14, 15, 17 
46 15 
48 11, 15, 15, 15, 18, 
20, 20, 27, 27 
50 18, 19, 20, 22 
52 09, 11, 13, 13, 15, 
17, 20, 20, 21, 21, 
21, 25, 25 
54 17, 18, 19, 20, 21, 
21, 22, 23, 24 
56 11, 14, 19, 21, 25 
58 05, 05, 07, 11, 15, 
17, 19, 19, 21, 21 
60 07, 10, 10, 11, 12, 
12, 12, 15, l5, 16, 
18, 18, 20, 20, 25, 
26, 26, 30, 34, 35, 
35 
62 • 8, 10, 15, 18, 20, 
20, 25, 25, 30, 30 
64- 10, 20, 20, 24, 26, 
30 
(contd.) 
APPENDIX-I (contd.) 
Locality Inclination of 
Foresets(Degrees) 
Locality Inclination of 
Foresets(Degrees) 
70 
72 
75 
78 
80 
82 
84 
86 
88 
92 
94 
96 
98 
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26, 
05, 
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14., 
' 09, 
29 
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23 
25, 
20, 
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15, 
20, 
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18, 
17, 
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11, 
26 
08, 
30, 
10, 
22, 
21 
20, 
28, 
23, 
15, 
23, 
21, 
19 
15, 
10, 
34, 
12, 
25 
25, 
30, 
23, 
17, 
23, 
27 
16, 
16, 
42 
16 
112 
114 
116 
118 
120 
122 
124 
126 
128 
130 
132 
134 
136 
138 
22, 25, 29, 32, 37 
10, 15, 15, 17, 24 
08, 11, 12, 14 
16, 18, 19, 21 
18, 21 
10, 15, 18, 21, 23, 
28 
14 
10, 11, 15, 19, 20, 
22, 24, 25, 25 
21, 23 
24, 25, 25, 27, 27 
09, 11, 13, 15, 17, 
21, 30 
22 
12, 15, 18, 21 
07, 07, 09, 12, 13, 
14, 16, 19, 23, 23, 
24 
140 
142 
144 
146 
148 
150 
13 
15 
17, 
20, 
18, 
12, 
18, 
20, 
26 
18, 
22, 
22, 
25, 
24, 
23, 
30, 
27 
25 
37 
37, 39, 41, 41 
APPENDIX-II 
Thickness Data of Cross Bedding from Gwalior Sandstones 
of Gwalior District, M.P. 
Locality 
4 
8 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
Thicknej 3s o; f 
Cros s-bedding 
(cm' 
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06, 
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31 
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10, 
22, 
34, 
85,: 
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) 
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12, 
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22 
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24, 
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LOO, 
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22, 
15, 
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112, 
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03, 
06 
04 
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09, 
23, 
17, 
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80, 
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21, 
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04, 
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72 
76 
80 
84 
88 
92 
96 
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110 
120 
132 
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Thickne, ss of 
Cross-bedding 
(cm 
04, 
12 
10, 
11, 
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15 
02, 
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14, 
09, 
160 
19, 
40, 
34, 
79,: 
) 
09 
12, 
13 
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04, 
70, 
21, 
17 
11 
14, 22 
10, 12, 13 
06, 08 
90 
38 
, 180 
25, 
90 
50, 
105, 
38, 73 
80 
138,156,180 
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APPENDIX-III 
Measurements of Wave Length { \ ) , Amplitude (a) and 
Ripgle Index (R.I.) of Ripple Marks from the 
Gwaiior Sandstones of Gwalior District, M.P. 
Locality 
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(cm) 
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(cm) 
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0.7 
0.5 
0.5 
0.5 
0.9 
0.8 
0.9 
1.3 
0.9 
1.0 
0.7 
1.1 
0.7 
1.3 
1.0 
1.2 
1.0 
0.8 
1.5 
1.0 
1.0 
0.9 
1.0 
0.7 
1.3 
1.0 
0.9 
1.1 
1.0 
1.5 
1.2 
Ripple Index 
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APPENDIX-VII 
Directional Data : Cross Bedding Azimuths from 
Gwalior Sandstones of Gwalior District, M.P. 
Locality 
1 
Cross Bedding Azimuths 
8, 14, 14, 17, 24, 25, 25, 25, 30, 56, 60, 64, 64, 64, 
70, 74, 74, 74, 86. 
3 
4 
5 
6 
9 
10 
11 
12 
13 
14 
248 
285 
310 
290 
310 
220 
209 
213 
175 
210 
310 
330 
125 
105 
165 
200 
220 
250 
317 
210 
260 
200 
240 
269 
260 
285 
315 
290 
313 
225 
209 
213 
180 
213 
315 
330 
125 
115 
165 
205 
223 
250 
325 
222 
260 
202 
243 
270 
272, 272 
290, 292 
315, 325 
300, 300 
313, 315 
240, 255 
210, 210 
218, 220 
185, 190 
213, 220 
315, 322 
340, 340 
130, 130 
130, 135 
175, 177 
207, 207 
223, 225 
260, 260 
235, 235 
265, 270 
2 05, 2 05 
252, 255 
270, 272 
275, 
295. 
275, 275, 282, 282, 282, 285, 
325, 332, 332, 333, 336, 336. 
300, 305, 305, 305, 308, 310, 310, 
315, 315, 323, 325, 337. 
255, 262, 262, 265, 265, 270, 
210, 
225, 
195, 
220, 
322, 
340, 
212, 
225, 
200, 
226, 
325, 
345, 
216, 216, 216, 216, 218, 
225, 230, 235, 235, 245. 
200, 205, 207, 210, 210, 
325, 325, 330, 330, 330, 
345, 345. 
145, 285, 235, 320, 340. 
140, 
183, 
215, 
235, 
268, 
140, 
183, 
215, 
235, 
269, 
14 0, 
187, 
250. 
240, 
275, 
237, 237, 239, 
270, 275, 280. 
207, 209, 211. 
260, 260, 260, 
272, 274, 275. 
145, 145, 155, 155, 
190, 195, 195, 195, 
240, 245, 245, 250, 
275, 280, 290, 295, 
240, 245, 250, 255, 
265, 265, 265, 269, 
(contd.) 
APPENDIX-VII ( c o n t d . ) 
L o c a l i t y C r o s s B e d d i n g A z i m u t h s 
15 2 1 2 , 2 1 2 , 2 1 5 , 2 2 0 , 2 2 0 , 2 2 5 , 2 3 0 , 2 3 0 , 2 3 0 , 2 3 5 , 2 4 0 , 
2 4 0 , 2 4 5 , 2 5 0 , 2 5 5 , 2 6 0 , 2 6 0 , 2 7 0 , 2 7 4 , 2 7 4 , 2 7 7 , 2 7 7 , 
2 8 0 , 2 8 0 , 2 8 0 , 2 9 5 , 3 0 5 , 3 0 5 , 3 1 0 , 3 3 0 . 
16 2 4 0 , 2 4 0 , 2 5 0 , 2 5 5 , 2 7 0 , 2 7 0 , 2 7 5 , 2 9 0 , 2 9 5 , 2 9 5 , 3 0 0 , 
3 0 0 , 3 0 5 , 3 0 5 , 3 1 0 , 3 1 0 , 3 1 0 , 3 1 4 , 3 1 5 , 3 1 5 , 3 2 3 , 3 3 0 , 
3 3 0 , 3 3 5 , 3 3 5 , 3 4 0 , 3 4 5 . 
17 2 7 5 , 2 8 0 , 2 9 0 , 2 9 5 , 3 0 5 , 3 0 5 , 3 1 5 . 
1 8 5 , 1 0 , 1 5 , 1 5 , 2 0 , 2 5 , 3 0 , 3 5 , 4 0 , 4 5 , 4 5 , 3 2 5 , 335. , 
3 5 5 . 
19 1 8 0 , 1 9 0 , 2 1 0 , ' 2 2 5 , 2 4 0 , 2 4 5 , 2 5 0 , 2 6 0 , 2 5 5 , 2 6 5 , 2 6 8 , 
2 6 8 , 2 7 2 , 2 7 5 , 2 7 5 , 2 8 5 , 2 9 0 , 31.0, 3 1 5 , 3 2 5 , 3 3 5 , 3 3 5 , 
3 4 0 . 
20 2 5 5 , 2 7 5 , 2 7 5 , 2 8 5 , 2 8 5 , 2 9 0 , 2 9 0 , 2 9 0 , 2 9 5 , 2 9 5 , 2 9 5 , 
3 0 0 , 3 0 0 , 3 0 5 , 3 0 5 , 3 0 5 , 3 1 5 , 3 1 5 . 
2 1 2 6 0 , 2 6 5 , 2 7 2 , 2 7 5 , 2 8 0 , 2 8 0 , 2 8 6 , 2 8 6 , 2 9 0 , 2 9 5 , 2 9 5 , 
2 9 5 , , 3 0 5 , 3 0 5 , 3 0 5 , 3 1 5 , 3 2 5 , 3 2 5 , 3 4 0 . 
22 2 3 0 , 2 3 5 , 2 4 0 , 2 5 5 , 2 5 5 , 2 6 0 , 2 7 2 , 2 7 5 , 2 7 5 , 2 8 3 , 2 8 3 , 
2 9 5 , 2 9 5 , 2 9 5 , 2 9 5 , 3 1 0 , 3 4 0 , 3 4 0 . 
2 3 1 8 0 , 1 8 0 , 1 8 5 , 1 9 0 , 1 9 0 , 2 0 0 , 2 0 8 , 2 0 8 , 2 1 5 , 2 1 5 , 2 1 5 , 
2 2 5 , 2 3 0 , 2 3 5 , 2 3 5 , 2 4 1 , 2 4 1 , 2 5 0 , 2 5 5 , 2 5 5 , 2 6 5 , 2 7 5 , 
2 8 5 , 2 9 0 . 
24 1 6 5 , 1 8 0 , 1 9 0 , 1 9 3 , 2 0 0 , 2 0 0 , 2 1 5 , 2 1 5 , 2 2 5 , 2 2 5 , 2 3 0 , 
2 3 0 , 2 3 0 , 2 3 5 , 2 4 5 , 2 5 0 , 2 5 5 , 2 6 0 , 2 6 0 , 2 8 0 , 2 9 0 , 3 0 5 , 
25 3 0 , 3 0 , 3 5 , 4 2 , 4 5 , 4 5 , 5 0 , 5 5 , 
26 3 0 , 3 0 , 3 5 , 3 5 , 3 5 , 3 5 , 3 9 , 3 9 , 4 1 , 4 1 , 4 5 , 4 5 , 4 5 , 
4 7 , 4 7 , 5 0 , 5 0 , 5 5 , 2 7 5 , 2 8 0 , 3 0 0 , 3 0 0 . 
( c o n t d . ) 
APPEIOIX-VII ( C o n t d . ) 
Locality- Cross Bedding Azimuths 
27 
28 
29 
30 
31 
32 
33 
34. 
35 
36 
37 
38 
39 
40 
6, 15, 17, 70, 75, i 
210, 210, 216, 216, 
275, 275, 275, 275, 
230, 235, 235, 235, 
260, 250, 268, 268, 
345, 348. 
265, 265, 270, 270, 
280, 280, 282, 282, 
240, 240, 240, 253, 
270, 273, 273, 275, 
110, 115, 130, 130, 
200, 215, 215, 231, 
250, 265, 275, 285, 
220, 221, 225, 228, 
240, 240, 245, 245, 
205, 205, 215, 218, 
230, 230, 230, 230, 
JO, 100, 105, 115, 200, 205, 205, 
216, 225, 230, 235, 235, 249, 265, 
280, 280 
240, 240 
275, 275 
270, 270 
292, 294 
253, 256 
275, 275 
135, 145 
231, 235 
295, 295 
228, 231 
250, 250 
220, 225 
2 35, 24 0 
5, 10, 12, 15, 308, 308, 320 
152, 155, 270, 275, 
345, 345, 345, 350, 
125, 135, 160, 170, 
280, 285, 295, 300, 
245, 250, 250, 265, 
5, 10, 15, 305, 305 
180, 180, 190, 200, 
225, 225, 245, 305', 
290, 295 
350, 355 
285 
240 
280 
270 
304 
262 
280 
155 
240 
300 
231 
253 
225 
240 
320 
305 
355 
245, 245, 245, 250, 
295, 300, 328, 345, 
274, 274, 274, 280, 
304, 308, 308. 
262, 266, 266, 268, 
285, 285, 305, 305. 
175, 175, 185, 195, 
240,. 240, 250, 250, 
310. 
235, 235, 235, 240, 
253, 265. 
225, 225, 225, 230, 
240, 21-5, 250. 
340, 360. 
330, 
360, 
335, 340, 340, 
360. 
175. 
305, 310, 
265, 272. 
318, 340, 355 
205, 205, 210, 
345, 355, 355, 
210, 
360, 
210, 218, 218, 
360. 
(contd.) 
APPENDIX-VII ( c o n t d . ) 
Locality- Cross Bedding Azimuths 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
1 8 5 , 
2 6 5 , 
5 , 5 
3 3 0 , 
1 7 0 , 
2 4 0 , 
2 5 5 , 
2 7 5 , 
3 2 5 , 
2 5 0 , 
2 9 5 , 
3 3 5 , 
2 6 0 , 
2 9 5 , 
2 4 0 , 
3 0 3 , 
2 2 0 , 
3 0 5 , 
1 5 2 , 
1 8 5 , 
2 5 5 , 
2 0 0 , 
2 4 5 , 
2 4 5 , 
2 6 5 , 
3 0 0 , 
1 5 5 , 
1 9 5 , 
1 8 5 , 
2 7 0 , 
, 1 5 , 
3 3 5 , 
1 9 0 , 
2 4 8 , 
2 6 0 , 
2 9 0 , 
3 3 0 , 
2 5 5 , 
3 0 5 , 
2 6 0 , 
2 9 5 , 
2 4 0 , 
3 0 4 , 
2 2 5 , 
3 0 5 , 
1 5 5 , 
1 9 0 , 
2 6 0 . 
2 0 5 , 
2 4 5 , 
2 4 5 , 
2 6 8 , 
3 0 5 . 
1 6 0 , 
2 0 0 , 
1 9 5 , 
2 7 0 , 
3 0 , 
3 3 5 , 
1 9 5 , 
2 5 0 , 
2 6 5 , 
2 9 5 , 
3 3 5 , 
2 7 5 , 
3 0 5 , 
2 6 8 , 
3 0 0 , 
2 5 5 , 
3 1 0 , 
2 5 5 , 
3 1 0 , 
1 5 5 , 
1 9 0 , 
2 1 0 , 
2 4 5 , 
2 5 0 , 
2 7 0 , 
1 7 0 , 
2 0 5 , 
2 3 0 , 
2 7 5 , 
3 5 , 2 
3 4 5 , 
2 0 0 , 
2 5 5 , 
2 7 0 , 
3 0 0 , 
3 3 5 , 
2 7 8 , 
3 0 5 , 
2 7 0 , 
3 0 0 , 
2 7 5 , 
3 1 2 , 
2 6 5 , 
3 1 0 , 
1 6 0 , 
1 9 5 , 
2 1 0 , 
2 5 0 , 
2 5 5 , 
2 7 0 , 
1 7 5 , 
2 0 5 , 
2 3 5 , 
2 8 5 , 
8 0 , 3 
3 4 5 , 
2 0 0 , 
2 7 2 , 
2 7 5 , 
3 0 5 , 
3 3 5 , 
2 7 8 , 
3 0 8 , 
2 7 2 , 
3 0 4 , 
2 7 5 , 
3 1 5 , 
2 6 5 , 
3 1 5 . 
1 6 0 , 
2 0 0 , 
2 1 5 , 
2 5 0 , 
2 5 5 , 
2 7 5 , 
1 7 5 , 
2 0 5 , 
2 3 5 , 
3 0 0 , 
2 4 5 , 
3 0 7 . 
1 5 , 3 1 5 , 3 
3 5 0 , 
2 1 0 , 
2 8 0 , 
2 8 0 , 
3 1 0 , 
3 4 0 , 
2 8 0 , 
310," 
2 7 2 , 
3 1 5 , 
2 7 5 , 
3 3 0 , 
2 6 5 , 
1 6 5 , 
2 0 5 , 
2 2 5 , 
2 5 5 , 
2 5 5 , 
2 7 5 , 
1 7 5 , 
2 1 0 , 
3 5 5 . 
2 1 5 , 
2 8 5 , 
2 3 5 . 
3 1 8 , 
3 4 0 , 
2 9 0 , 
3 1 0 , 
2 7 8 , 
3 1 5 , 
2 9 5 , 
3 3 5 , 
2 8 5 , 
1 6 5 , 
2 1 0 , 
2 3 0 , 
2 6 0 , 
2 6 0 , 
2 7 5 , 
1 8 5 , 
2 1 5 , 
248, 255, 260, 262, 
20, 320, 320, 320, 
215, 230, 235, 240, 
290, 315, 
318, 320, 320, 325, 
345, 345, 345. 
290, 295, 295, 295, 
315, 315, 325, 330, 
280, 280, 285, 285, 
325, 325, 330. 
295, 295, 295, 301, 
345, 
285, 290, 295, 295, 
170, 175, 180, 180, 
210, 225, 230, 235, 
230, 235, 235, 240, 
265, 265, 275, 280. 
260, 260, 260, 265, 
280, 285, 285, 295, 
185, 195, 195, 195, 
215. > 
(contd.) 
APPENDIX-VII (contd.) 
Locality Cross Bedding Azimuths 
54 150, 150, 150, 155, 155, 155, 155, 165, 165, 165, 165, 
165, 170, 170, 170, 175, 175, 175, 175, 175, 180, 180, 
130, 185, 185, 195, 195, 200, 205, 205, 208, 
55 5, 5, 10, 15, 25, 320, 325, 330, 330, 335, 335, 342, 
345, 345, 345, 350, 350, 350, 350, 355, 355. 
56 270, 270, 275, 275, 280, 295, 300, 305, 310, 310, 315, 
320, 320, 325, 325, 330. 
57 5, 8, 10, 12, 312, 315, 317, 320, 320, 325, 325, 327, 
327, 335, 335, 339, 340, 345, 350, 355, 359, 360. 
58 315, 315, 320, 325, 330, 330, 333, 335, 335, 
59 5, 3, 10, 15, 25, 320, 325, 325, 330, 335, 335, 335, 
340, 340, 345, 345, 345, 345, 348, 348, 350, 350, 350, 
355, 355, 360, 360, 360. 
60 205, 205, 210, 215, 215, 220, 220, 225, 225, 225, 230, 
230, 240, 240, 240, 245, 245, 250, 255, 270, 280. 
61 10, 240, 240, 250, 250, 255, 260, 265, 265, 270, 270, 
273, 273, 275, 230, 280, 280, 235, 235, 238, 290, 290, 
290, 292, 295, 295, 300, 305, 305, 310, 310, 315, 330, 
335. 
62 135, 145, 165, 170, 175, 175, 180, 180, 190, 195, 195, 
195, ,200, 205, 205, 205, 205, 210, 210, 220, 230, 245, 
250, 
63 185, 190, 195, 205, 205, 210, 215, 225, 320, 335, 340, 
64 20, 25, 270, 288, 295, 318, 330, 330. 
65 290, 290, 295, 295, 305, 310, 315, 325, 325, 330, 335, 
345, 345, 355, 360. 
66 ^ 300, 305, 310, 310, 310, 315, 315, 320, 320, 325, 325, 
(contd.) 
APPENDIX-VII ( c o n t d . ) 
Locality- Cross Bedding Azimuths 
67 
68 
69 
10 
71 
72 
73 
74 
75 
185, 
290, 
355, 
300, 
330, 
205, 
335, 
195, 
225, 
10, 
260, 
90, 
2 00, 
340, 
3, 7 
350, 
255, 
305, 
210 
290 
360 
305 
335 
2 05 
340 
200 
230 
25, 
320 
100, 
215 
350 
, 15 
360 
260 
305 
76 
77 
78 
79 
, 225, 235, 295, 320, 325 
310, 315, 315, 320, 325, 330, 335, 340, 345, 
310, 315, 315, 320, 320, 325, 325, 330, 330, 
335. 
208, 210, 210, 223, 225, 325, 330, 330, 335, 
34 0, 345. 
210, 210, 215, 215, 217, 217, 220, 220, 225, 
230, 235, 235, 235, 240, 245, 245, 245,. 
45, 55, 55, 60, 65, 70, 75, 215, 220, 240, 
325, 325, 330, 330, 330, 330, 335, 335, 
105, 115, 125, 140, 145, 150, 170, 180, 195, 
220, 220, 290, 300, 305, 315, 320, 325, 330, 
19, 20, 25, 285, 302, 315, 325, 330, 345, 
2 0, 25, 
295, 315 
190, 190 
215, 220 
215, 215 
240, 240 
260, 265 
225, 225 
240, 240 
260, 260 
265, 270, 230, 290, 295, 295, 
310, 315, 320. 
295, 300, 
30, 40, 45, 180, 220, 225, 250, 275, 285, 290, 
320, 
195, 195, 200, 205, 210, 210, 210, 215, 215, 
220, 220, 220, 225, 225, 230, 230, 235, 
220, 220, 225, 225, 230, 230, 235, 235, 235, 
240, 240, 245, 245, 250, 250, 255, 255, 260, 
265, 275, 275. 
225, 225, 230, 230, 230, 235, 235, 235, 240, 
240, 245, 245, 245, 250, 250, 250, 255, 255, 
265, 265, 280, 280, 285, 285, 285. 
(contd.) 
APPE1<1DIX-VII ( c o n t d . ) 
L o c a l i t y C r o s s B e d d i n g A z i m u t h s 
80 3 1 5 , 3 1 5 , 3 2 0 , 3 2 0 , 3 2 5 , 3 3 0 , 3 4 0 , 3 4 5 , 3 5 0 , 3 5 5 , 3 6 0 , 
8 1 2 7 0 , 2 7 5 , 2 8 0 , 3 0 0 , 3 3 5 , 
82 1 0 , 1 5 , 3 0 0 , 3 2 5 , 3 3 5 , 3 4 0 , 3 5 0 . 
83 2 8 0 , 2 8 5 , 300 , 3 3 0 , 3 3 5 . 
84 2 4 2 , 2 5 0 , 2 5 5 , 2 6 5 , 2 7 0 , 2 7 5 , 2 8 5 , 2 8 5 , 2 9 0 , 2 9 5 , 2 9 5 , 
3 0 0 , 3 0 0 , 3 0 5 , 3 0 9 , 3 1 5 , 3 2 0 , 3 2 0 , 3 2 5 , 3 3 0 , 3 3 0 , 3 4 0 , 
85 2 0 8 , 2 1 0 , 2 1 8 , 2 2 5 , 2 2 9 , 2 3 5 , 2 4 0 , 2 4 5 , 2 5 4 . 
86 2 1 5 , 2 2 5 , 2 2 8 , 2 3 0 , 2 4 5 , 2 4 5 , 2 5 5 , 2 5 5 , 2 5 5 , 2 6 0 , 2 6 5 , 
2 6 5 , 2 7 5 , 2 7 5 , 2 7 8 , 2 8 5 , 2 8 5 , 2 9 0 , 2 9 8 . 
87 2 3 5 , 2 3 5 , 2 4 5 , 2 5 5 , 2 6 5 , 2 6 5 , 2 7 5 , 2 7 5 , 2 S 0 , 2 8 5 , 2 3 5 , 
2 9 0 , 2 9 5 , 3 0 5 . 
8 8 190 ' , 1 9 5 , 2 0 0 , 2 1 5 , 2 2 0 , 2 3 0 , 2 3 5 , 2 3 5 , 2 4 0 , 2 4 5 , 2 5 0 , 
2 5 0 , 2 5 0 , 2 5 4 , 2 5 5 , 2 6 2 , 2 6 5 , 2 6 5 , 2 7 5 , 2 9 0 , 2 9 5 , 2 9 8 , 
3 2 8 , 3 5 4 , 
89 2 1 0 , 2 1 0 , 2 1 2 , 2 1 4 , 2 1 6 , 2 1 7 , 2 1 7 , 2 1 9 , 2 2 5 , 2 2 5 , 2 2 5 , 
2 2 5 , 2 2 9 , 2 2 9 , 2 3 2 , 2 3 4 , 2 3 5 , 2 3 5 , 2 3 5 . 
9 0 5 , 2 0 8 , 2 1 2 , 2 1 5 , 3 4 5 , 3 5 4 , 3 5 5 . 
9.1 . 2 4 5 , 2 5 0 , 2 5 5 , 2 6 0 , 2 6 5 , 2 9 0 , 
92 2 0 , 2 5 , 3 0 , 3 0 , 3 5 , 4 0 , 4 5 , 4 5 , 5 7 , 6 0 , 1 1 0 , 1 1 3 , 1 2 0 , 
1 2 0 , 3 1 2 , 3 1 5 , 3 1 5 , 3 2 3 , 3 2 3 , 3 2 3 , 3 3 0 , 3 3 5 , 3 3 5 , 3 3 7 , 
9 3 1 8 0 , 1 9 0 , 2 0 0 , 2 1 0 , . 2 1 0 , 2 1 5 , 2 2 5 , 2 2 5 , 3 2 0 , 3 4 0 , 3 4 5 . 
9 4 3 0 0 , 3 0 8 , 3 0 8 , 3 0 8 , 3 1 3 , 3 1 3 , 3 1 5 , 3 2 0 , 3 2 5 , 3 2 5 , 
95 2 7 5 , 2 8 5 , 2 9 5 , 3 0 5 , 3 1 0 , 3 1 5 , 3 2 5 , 3 3 0 , 3 4 0 , 3 4 0 , 3 5 0 , 
3 6 0 , 3 6 0 , 
( c o n t d . ) 
APPEMDIX-VII ( c o n t d . ) 
L o c a l i t y ^ C r o s s B e d d i n g A z i m u t h s 
9 6 1 8 5 , 2 1 0 , 2 2 5 , 2 3 0 , 2 3 5 , 2 8 5 , 2 9 5 , 3 2 0 , 3 2 5 , 
97 1 0 9 , 1 1 0 , 1 1 2 , 1 1 5 , 1 1 6 , 1 2 0 , 1 2 1 , 1 2 5 , 1 2 5 , 1 2 5 , 1 3 0 , 
1 4 0 , 1 4 0 , 1 4 5 , 1 4 5 . 
9 8 5 , 7 , 7 , 4 0 , 4 2 , 2 6 5 , 2 7 0 , 2 9 1 , 2 9 4 , 2 9 4 , 3 0 0 , 3 0 0 , 
3 0 6 , 3 0 6 , 3 1 1 , 3 1 2 , 3 1 5 , 3 1 5 , 3 1 8 . 3 2 0 , 3 5 0 , 3 6 0 . 
99 2 5 , 2 6 0 , 2 6 0 , 2 6 5 , 2 7 5 , 2 8 3 , 2 3 8 , 2 9 0 , 2 9 5 , 3 0 5 , 3 1 0 , 
3 1 5 , 3 2 0 , 3 2 5 , 3 3 5 . 
1 0 0 1 8 0 , 1 8 5 , 1 9 5 , 2 0 0 , 2 0 5 , 2 7 0 , 2 7 5 , 2 8 0 , 2 8 5 . 
1 0 1 2 P 5 , 2 8 5 , 2 9 0 , 2 9 0 , 2 9 5 , 2 9 5 , 3 0 0 , 3 0 0 , 3 0 5 , 3 0 5 , 3 1 5 , 
? i 5 , 3 2 0 , 3 2 5 . 
102 2 5 5 , 2 C 0 , 2 7 5 , 2 3 5 , 2 8 c , 2 9 2 , 2 9 4 , 2 9 6 , 2 9 7 , 3 0 2 , 3 0 5 , 
1 0 3 2 9 0 , 3 0 0 , 3 0 5 , 3 1 5 , 3 2 5 . 
104 1 0 , 1 5 , 2 5 , 6 0 , 6 5 , 9 5 , 1 0 5 , 1 2 0 , 1 4 5 , 1 5 5 , 1 6 5 , 1 7 5 , 
1 7 5 , 1 7 5 , 1 8 5 , 1 8 5 , 1 9 3 , 1 9 5 , 1 9 5 , 1 9 5 , 1 9 5 , 2 0 0 , 2 0 0 , 
2 0 0 , 2 0 0 , 2 0 5 , 2 0 5 , 2 1 0 , 2 1 0 , 2 1 5 , 2 1 5 , 2 2 0 , 2 2 0 , 2 2 5 , 
2 3 0 , 2 3 5 , 2 4 8 , 2 7 0 , 3 2 1 , 3 2 8 , 3 3 7 , 3 5 5 , 3 6 0 . 
105 2 0 0 , 2 0 5 , 2 1 0 , 2 1 0 , 2 1 5 , 2 2 0 , 2 2 5 , 2 3 0 , 2 3 0 , 2 3 5 , 2 3 5 , 
2 4 0 , 2 4 5 , 2 5 5 , 2 6 0 , 2 6 5 . 
1 0 6 2 6 5 , 2 7 5 , 2 3 0 , 2 9 0 , 2 9 5 , 3 0 0 , 3 0 5 , 3 1 5 . 
1 0 7 2 7 0 , 2 7 3 , 2 7 5 , 2 7 5 , 2 8 0 , 2 8 5 , 2 8 5 , 2 8 5 , 2 8 7 , 2 8 7 , 2 9 0 , 
2 9 0 , 2 9 5 , 2 9 5 , 2 9 5 , 3 0 0 , 3 0 5 , 3 0 5 , 3 1 0 . 
1 0 8 1 2 8 , 1 4 5 , 1 5 5 , 1 6 5 , 1 6 5 , 1 7 9 , 1 7 9 , 1 8 0 , 1 8 5 , 1 8 5 , 1 8 5 , 
1 9 5 , 2 0 0 , 2 0 3 , 2 0 5 , 2 1 0 , 2 1 5 , 2 1 5 , 2 1 7 , 2 2 0 , 2 2 5 , 2 6 0 , 
2 7 0 . 
109 1 6 0 , 1 6 5 , 1 7 0 , 1 7 5 , 1 7 5 , 1 7 5 , 1 8 5 , 1 8 5 , 1 8 5 , 1 3 5 , 1 8 5 , 
1 8 5 , 1 9 0 , 1 9 0 , 1 9 0 , 1 9 0 , 1 9 0 , 1 9 3 , 1 9 3 , 1 9 5 , 1 9 5 , 1 9 5 , 
1 9 5 , ^ 2 0 0 , 2 0 0 , 2 0 0 , 2 0 3 , 2 0 3 , 2 0 5 , 2 0 5 . 
( c o n t d . ) 
APPENDIX-VII (contd.) 
Locality Cross Bedding Azimuths 
110 235, 240, 250, 255, 270, 275, 285, 290, 295, 300, 300, 
305, 310, 310, 310, 315, 315, 315, 320, 320, 325, 325, 
330, 335, 335, 340, 340, 345, 345. . 
111 175, 195, 210, 215, 230, 240, 245, 250, 260, 260, 265, 
265, 270, 270, 275, 285, 295, 315, 315, 320, 330, 
112 240, 250, 260, 275, 287, 289, 290, 290, 290, 295, 295, 
300, 300, 303, 305, 307, 310, 312, 315, 315, 31§. 
113 5, 10, 15, 20, 25, 35, 40, 45, 45, 54, 320, 330, 350, 
360. 
114 260, 270, 273, 277, 280, 280, 285, 290, 290, 295, 295, 
300, 300, 300, 305, 305, 308, 310, 325, 325, 330, 335, 
343,. 
115 140, 140, 145, 170, 175, 180, 185, 195, 200, 205, 205, 
220, 225, 230, 235, 235, 245, 255, 255, 260, 260. 
116 130, 140, 150, 160, 170,' 170, 180, 187, 187, 190, 190, 
192, 195, 195, 200, 205, 205, 207, 207, 212, 212, 217, 
217, 220, 220, 225, 225, 229, 230, 235. 
117 35, 35, 35, 39, 39, 42, 42, 42, 42, 45, 45, 45, 47, 47, 
47, 50, 50, 55, 59, 85, 85, 
118 172, 173, 175, 185, 190, 192, 195, 195, 195, 200, 200, 
202, 205, 205, 205, 208, 203, 210, 210, 210, 212, 212, 
212. 
119 300, 300, 304, 305, 305, 307, 307, 309, 309, 310, 310, 
310, 312, 312, 312, 314, 314, 314, 317, 317, 317, 320. 
120 6, 6, 9, 12, 12, 13, 13, 15, 15, 15, 15, 21, 21, 21, 
23, 23, 25, 25, 27, 30, 35, 40, 45, 319, 324, 335, 
348, 353. 
121 285, 285, 290, 290, 293, 295, 295, 295, 297, 297, 299, 
299, 300, 300, 303, 303, 305, 305, 305, 308, 308, 310. 
(contd.) 
APPENDIX-VII (contd.) 
Locality Cross Bedding Azimuths 
122 230, 235, 245, 250, 265, 265, 280. 
123 270, 270, 275, 275, 278, 278, 278, 284, 284, 285, 285, 
288, 288, 288, 290, 290, 295, 295, 300, 300, 305, 305, 
3 06, 
124 265, 270, 275, 285, 285, 290, 295, 295, 295, 301, 301, 
301, 305, 305, 305, 310, 310, 315, 315, 320, 320, 325, 
325, 330, 335, 335, 340, 340, 345. 
125 235, 235, 235, 240, 240, 240, 245, 245, 250, 250, 255, 
255, 257, 260, 260, 262, 270, 270, 272, 272, 283, 285, 
290, 295, 305, 315, 325, 334. 
126 243, 244, 245, 245, 246, 246, 247, 247, 250, 250, 250, 
252, 252, 252, 253, 253, 255, 255, 257, 257. 
127 237, 239, 241, 243, 245, 247, 250, 250, 252, 252," 254, 
255, 256, 257, 258, 25 3, 261, 261, 253, 253, 2 65. 
128 175, 180, 185, 190, 192, 195, 195, 195, 195, 200, 200, 
205, 205, 210, 210, 212, 215,- 215, 215, 220,. 200, 
129 3, 4, 4, 4, 5, 5, 8, 8, 9, 9, 10, 12, 15, 15, 18, 20, 
20, 21, 340, 345, 350, 351, 355, 358, 353, 360, 360, 
360. 
130 220, 232, 235, 240, 245, 250, 265, 273, 285, 290, 325, 
340, 345, 
131 5, 10, 15, 20, 25, 250, 270, 280, 290, 290, 300, 300, 
310, 310, 315, 320, 330, 330, 340, 340, 350, 350, 360, 
360. 
132 10, 15, 20, 20, 25, 28, 28, 32, 50, 53, 55, 280, 285, 
290, 293, 295, 305, 312, 312, 320, 320, 325, 325, 330, 
330, 335, 340, 350, 355, 360, 360. 
133 220, 230, 240, 245, 245, 250, 255, 260, 265, 270, 275, 
275, 285, 290, 290. 
134 70, 80, 90, 112, 125, 150, 150, 155, 175, 180, 185, 
190, 190, 195, 195, 195,200, 200, 205, 215, 2^0, 220, 
225, 240, 242, 248, 255, 285, 320, 325, 330, 330, 335, 
(contd.) 
APPENDIX-VII ( c o n t d . ) 
Locality- Cross Bedding Azimuths 
135 
136 
137 
138 
139 
230, 235, 240, 245, 245. 
140 
141 
142 
143 
144 
145 
146 
2 0 5 , 
2 3 5 , 
2 7 5 , 
2 9 0 , 
3 2 5 , 
2 2 0 , 
3 2 5 , 
1 0 , 
3 0 0 , 
3 2 5 , 
3 5 0 , 
2 1 0 , 
2 7 3 , 
3 0 5 , 
O 3 D / 
2 5 5 , 
3 1 0 , 
1 5 . 
2 8 5 , 
3 3 5 , 
1 3 7 , 
2 1 0 , 
3 2 6 , 
1 4 5 , 
2 0 0 , 
2 4 0 , 
3 0 5 , 
2 0 5 , 
2 4 0 , 
2 8 5 , 
2 9 5 , 
3 2 5 , 
2 3 5 , 
3 3 5 , 
2 1 0 , 
2 4 0 , 
2 9 0 , 
2 9 5 , 
3 3 0 , 
2 4 0 , 
3 4 0 , 
1 5 , 4 5 , 50 
3 0 0 , 
3 2 5 , 
3 5 5 , 
o --^  n 
2 7 3 , 
3 0 5 , 
3 4 0 , 
2 6 5 , 
3 1 0 , 
3 1 0 , 
3 3 0 , 
3 6 0 . 
2 2 0 , 
2 8 0 , 
3 0 8 , 
3 4 5 , 
2 7 5 , 
3 1 2 , 
2 0 , 2 5 , 30 
2 8 5 , 
3 4 0 , 
1 3 9 , 
2 2 2 , 
3 2 6 , 
1 5 5 , 
2 0 5 , 
2 4 5 , 
3 1 0 , 
2 9 0 , 
3 4 5 , 
1 4 2 , 
2 6 1 , 
3 2 6 , 
1 6 0 , 
2 1 5 , 
2 5 0 , 
3 1 0 , 
2 1 0 , 
2 4 5 , 
2 9 5 , 
3 0 0 , 
3 3 0 , 
2 4 5 , 
3 4 0 , 
, 2 4 0 
3 1 0 , 
3 3 0 , 
2 6 5 , 
2 8 5 , 
3 1 0 , 
3 4 5 , 
2 7 5 , 
3 1 5 , 
, 2 5 0 
2 9 5 , 
3 4 5 , 
1 5 1 , 
2 6 9 , 
3 2 9 , 
1 7 0 , 
2 1 8 , 
2 5 5 , 
3 1 5 , 
214, 220, 
245, 250, 
325, 335, 
305, 
330, 
305, 
335, 
255, 265, 
345, 345, 
250, 260 
315, 315, 
330, 335, 
225, 225, 230, 230, 235, 
255, 260, 265, 265, 270, 
340. 
310, 315, 315, 320, 320, 
340, 345, 350, 355, 355. 
275, 285, 290, 290, 300, 
345, 
, 265, 270, 280, 290, 
320, 320, 320, 320, 320, 
335, 340, 345, 350, 350, 
275, 235. 
285, 290, 
310, 310, 
345, 350, 
2S0, 285, 
320, 325, 
270, 273 
295, 295, 
355, 355., 
154, 177, 
289, 294, 
330. 
180, 185, 
227, 235, 
255, 260, 
320, 330. 
290, 295, 300, 300, 300, 
315, 320, 320, 325, 330, 
350. 
285, 295, 300, 302, 305, 
330. 
, 2 75, 2 75, 2*75, 28C, 
300, 305, 315, 320, 330, 
360. 
184, 192, 198, 203, 205, 
295, 298, 299, 303, 305, 
185, 195, 195, 198, 200, 
240. 
275, 275, 285, 290, 300, 
(contd.) 
APPENDIX-VII ( c o n t d . ) 
L o c a l i t y C r o s s B e d d i n g A z i m u t h s 
147 2 3 5 , 245 , 250 , 2 6 5 , 2 7 5 , 2 7 5 , 2 7 5 , 2 8 0 , 280 , 2 8 5 , 2 9 0 , 
300 , 300, 305 , 310 , 3 1 5 , 330 , 3 4 5 , 3 5 0 . 
148 2 7 5 , 280, 290 , 290 , 2 9 5 , 300 , 300 , 305 , 310, 310 , 3 1 5 , 
3 1 5 , 315 , 320 , 320 , 3 3 0 , 3 3 5 , 340 , 3 4 5 , 3 4 5 . 
149 2 3 0 , 240, 250 , 260 , 2 7 2 , 280 , 280 , 2 8 5 , 285 , 2 9 0 , 2 9 5 , 
2 9 8 , 300, 305 , 310 , 3 1 5 , 325 , 3 3 0 . 
150 1 2 0 , 1 2 5 , 1 2 5 , 1 4 5 , 1 4 5 , 1 5 5 , 1 5 5 , 1 5 5 , 160 , 1 6 5 , 1 6 5 , 
1 7 0 , 170 , 1 7 0 , 1 7 5 , 1 8 0 , 1 9 5 , 1 9 5 . 
APPEtOIX-VIII 
.Directional Data : Ripple Trend and Ripple Asymmetry 
Azimuths from Gwalior Sandstones of Gwalior District, 
M.P-
Locality_ Ripple Trend_Azimuth _ Ripple Asymm.etry Azimuth 
1 55, 104, 127, 152, 12, 146, 244 
2 132, 134, 135, 136 42, 44, 45, 46 
5 5, 5, 5, 7, 7, 12, 12, 90, 90, 95, 100, 320, 
13, 13, 20, 20, 25, 25, 320, 330, 350, 360, 360 
25, 60, 82, 85, 88, 172, 
172, 175 
7 105 
8 145, 155, 155 240, 245 
10 60, 135 115 
12 155, 160, 160 250 
15 45, 75, 160 
16 35 285 
20 100, 115, 140 45 
22 50 
23 85, 95 120 
25 80, 80, 95, 95, 100, 100, 
105, 110, 115, 165, 175, 
ISO 
28 150 240 
32 50, 55, 60, 65, 70, 135, 
135, 150, 150, 160, 160, 
165, 165, 170 
35 80, 120, 160 165, 220, 240 
(contd.) 
APPENDIX-VIII (contd.) 
Locality_ _Ripple Trend_Azirnuth _Ripple Asymmetry Azimuth_ 
37 150, ISO 245 
40 106 20 
44 95, 95, 105, 105,105, 185, 185, 195 
105, 108, 108, 113, 
115, 120, 120, 125, 
125, 125, 130, 130, 
130 
46 170, 170 255 
49 150, 150, 155,160, 170 
52 75, 75, 80, 85, 85, 90, 25, 25, 250, 250 
90, 95, 95, 105, 105, 105 
55 25, 35, 65 305, 308 
59 80, 80, 85, 90, 90, 95, 40, 45, 50 
100, 110, 125, 125, 130, 
130, 130, 135, 135, 140, 
140, 140, 145, 145, 150, 
150,155,155,155,16 0, 
165, 165, 165, 165, 170, . 
175, 175 
63 120, 120, 125, 130, 135 
65 125, 130 
68 100, 105, 115, 155, 155, 20, 65 
170 
75 5, 5, 10, 10, 15, 15, 20, 270, 275, 280, 285 
20, 30, 50, 50, 50, 50, 
50, 60, 60, 70, 75, 75, 75, 
160, 160, 170, 170 
80 16, 16, 20, 20, 25, 25, 25, 45, 55, 150, 180, 225, 240 
25, 30, 30, 30, 35, 35, 40, 
40, 45, 45, 50, 50, 50, 55, 
95, 100, 100, 105, 115, 115, 
125, 125, 125, 130^. 130, 135, 
145, 145, 150, 150-
(contd.) 
APPENDIX-VIII (contd.) 
Locality_ Ripple Trend Azimuth_ __ _ Ripple_Asymrrietry_Azimuth 
84 15, 20, 25 200, 220 
89 9 0 
93 48, 65, 75, 90 
97 150 
100 130, 135, 145, 150 
105 20, 30, 30, 35, 35, 35, 
40, 40, 45, 45, 50, 50, 
65, 65, 95, 100, 175, 
180, 180 
112 105 • 25 
117 115, 115, 120, 120, 120, 30, 35, 35, 40 
120, 125, 125, 125, 125, 
130, 130, 130, 135, 135 
125 95. 
129 110, 115, 125 200, 225 
137 140 
145 25, 45, 55 135, 250, 295 
148 50, 50, 60, 60, 65, 65, 
75, 75 
150 80, 125, 155 170, 210, 245 
(contd.) 
APPENDIX-VIII ( c o n t d . ) 
L o c a l i t y C u r r e n t - D r a g F o l d C u r r e n t - D r a g F o l d 
_Trend Azimuth Asymmetry Azimuth 
5 30 , 30 , 35 , 4 0 , 5 0 , 6 0 , 1 5 5 , 1 6 5 , 1 7 5 , 190 , 1 9 5 , 
7 0 , 70 , 120 , 1 2 5 , 135 1 9 5 , 2 0 5 , 2 2 5 , 245 
27 5 0 , 6 0 , 6 5 , 7 0 , 7 5 , 8 0 , 2 2 5 , 230 
85 
38 5 5 , 5 5 , 7 5 , 8 5 , 9 5 , 1 0 0 , 1 4 5 , 1 5 5 , 1 6 5 , 1 7 5 , 1 8 5 , 
100 , 115 , 140 , 1 4 5 , 1 5 0 , 190 , 190 , 195 , 2 1 0 , 2 2 0 , 
160 , 165 240 , 250 
54 7 0 , 9 0 , 100 , 105 295 
67 1 3 0 , .140, 150 220 , 2 3 0 , 240 
98 7 0 , 80 , 9 5 , 115 , 135 . 1 3 5 , 1 7 5 , 180 , 210 , 220 
125 1 3 5 , 140 2 0 0 , 225' 
PLATE I 
Fig. A Ph.ot:oqraph shows a fresh exposure of the Par 
Sandstone (Unit A of Par Group). 
scale Observer - 162 cm. 
Locality Ghosipura and Tighra villsge, 
Gwalior District, M.P. 
Fig. B photograph shov;s the contact of the besel 
conglomerate and the Bundelkhand Granite 
(Unit A of Par Group), 
scale Hammer - 35 cm. 
Locality Mehel Gaon, Gv/alior District, M.F. 
Fig. C photograph of massive looking flat bedded 
sandstone, showing lenticular bedding (Unit B 
of Par Group). 
Scale Strip - 15 cm. 
Locality Bagh Palace, Gv;alior District, M-P 
NOTE The top of the photograph is towards the right 
hand side. 
PLATE I 
PLATE II 
Fig. A Photograph shows the lenticular bodies of channel 
sandstone, enclosed in sheet sandstone (Unit C of 
Par Group). 
Scale Strip - 15 cm. 
Locality Singpur, Gwalior District, M.P. 
NOTE The top of the photograph is towards the left hand 
side. 
Fig. B Photograph shows the Morar Shale v/ith copiously 
interbedded bands of bright red jasper (Unit A 
of Morar Shale) . 
Scale Hammer - 35 cm. 
Locality Sakhia Vilas Palace, Gwalior District, 
M.P. 
NOTE The top of the photograph is towards the left hand side 
Fig. C Photograph shows a well exposed limestone quarry. 
Scale Hammer - 35 cm. 
Locality Nimchandwara (Agra-Bombay road), Gwalior 
District, M.P. 
PLATE I I 
LsL^W. M.,j^ ^^  
PLATE III 
Fig. A Photograph shows a typical large scale trough 
crossbedding showing scooped shaped structure 
in 'ab• bedding plane. 
Scale Box - 18 cm. 
Locality Tighra Road, Gwalior District, M.P, 
NOTE The top of the photograph is towards the right 
hand side. 
Fig. B A hand specimen sample showing the large scale 
trough type crossbedding. 
Scale Strip - 5 cm 
Locality Tighra Road, Gwalior District, M.P. 
Fig. C A handspecimen sample showing large scale deformed 
trough type crossbedding-
Scale Strip - 5 cm 
Locality Goal Pahari (Near Jiwajigunj Railway 
Station, Gwalior District, M.P.) 
NOTE The top of the photograph is towards the right hand 
side. 
P L A T E I I I 
PLATE IV 
Figs A & B Photograph showing single and coset pattern of 
large scale planar crossbedding. 
Scale Dot Pen - 14 cm. 
V 
Locality Kakaji Ki Baghiya (Near Tighra Road) 
Gwalior District, M.P. 
Fig. C Photograph of a handspecimen shov/ing the herring-
bone type crossbedding. It shows that cross-laminae 
of superjacent sets are oriented at 180 . 
Scale Scale - 4 cm. 
Locality Nimaji Ki Khoe, Gwalior District, M-P. 
PLATE V 
Fig. A Photograph showing asymmetrical ripple mark. It 
shows raised and sinuous crests (Unit B of Par 
Sandstone). 
Scale Hammer - 35 cm. 
Locality Exposed near the Jiwajigunj railway 
station, Gwalior District, M.P-
Fig. B Photograph shows asymmetrical ripple mark, showing 
rounded, parallel and equidistant crests with 
gentle stoss and steep lee shape,(Unit E of Par 
Sandstone). 
Scale Scale _ 5 cm. 
Locality Exposed near the Ghosipur, Gv/alior 
District, M.P. 
Fig. C Photograph showing asymmetrical ripple marks, 
it shows raised and sinuous crest (Unit B of 
Par Sandston^. 
. Scale Scale - 4 cm. 
Locality Exposed 2 km from the Ghosipur, 
Gwalior District, M.P. 
PLATE rv 
^ 
Fig. A 
Fig. B 
PLATE V 
Photograph showing asymmetrical ripple mark. It 
shows raised and sinuous crests (Unit B of Par 
Sandstone), 
Scale Hammer - 35 cm. 
Locality Exposed near the Jiwajigunj railway 
station, Gwalior District, M.P. 
Photograph shows asymmetrical ripple mark, showing 
rounded, parallel and equidistant crests with 
gentle stoss and steep lee shape,(Unit B of Par 
Sandstone). 
Scale Scale - 5 cm. 
Locality Exposed near the Ghosipur, Gv.'alior 
District, M.P. 
Fig. C Photograph showing asymmetrical ripple marks, 
it shows raised and sinuous crest (Unit B of 
Par Sandstone). 
Scale Scale - 4 cm. 
Locality Exposed 2 km from the Ghosipur, 
Gwalior District, M.P. 
P L A T E V 
PLATE VI 
Fig. A Photograph showing symmetrical and branching 
type ripple mark. 
Scale Hammer - 35 cm. 
Locality Jiwajigunj railway station, Gwalior 
District, M.P. 
Figs. B & C Photograph showing symmetrical ripple mark having 
slightly flat, parallel and branching crests (Unit 
C of Par Sandstone). 
Scale Dot Pen -14 cm. 
Strip - 5 cm. 
Locality Gole Pahari, Gwalior District, M.P-
PLATE V I 
PLATE VII . 
Fig. A Photograph showing parting lineation, in 
flat bedded (Unit B of Par Sandstone). 
Scale Strip - 5 cm. 
Locality Maharajpur, Gwalior District, M.P. 
Fig. B Photographs showing groove marks, discontinuous 
ridges and shallow grooves occur on the upper 
bedding surface (Unit E of Morar Shale). 
Scale Strip - 5 cm. 
Locality Sithauli Village, Gwalior District, 
M.P. 
Fig. C Photograph showing groove cast, it shows gutter 
like trough on the upper bedding surface (Unit B 
of Morar Shale). 
Scale Strip - 5 cm. 
Locality Sithauli Village, Gwalior District, 
M.P. 
PLATE VII 
PLATE VIII 
Fig. A Photograph showing load cast in the form of 
bulbous structures. They are well preserved 
in both Far Sandstone and Morar Shale. 
Scale Scale - 4 cm. 
Locality Behat Village, Gwalior District, M.P 
Fig. B Photograph showing stromatolite, spherical 
to almost well rounded v/ith slightly raised 
shaped in (Unit B of Morar Limestone). 
Locality Exposed in Nimchandhona and 
Aawaspura hill near Tilak Nagar, 
Gwalior District, M.P. 
Fig, C Photograph showing stromatolite, spheroidal 
in shape and v/ell preserved in (Unit B of 
Morar Limestone). 
Scale Clinometer - 11 cm. 
Locality Near Tilak Nagar, Gwalior District, 
M.P. 
PLATE VI I I 
O I 2. 5 i* C.M. 
PLATE' IX 
Figs. A & B 
Fig. G 
Photomicrographs of inclusion free monocrystalline 
'Comtnon' subangular quartz grain surrounded by 
fine grained quartz and marked by clear appearance 
+ nic. X 125 
Photoraicrograph of monocrys talline 'Cornrr.on' 
subangular quartz grain shov/ing inclusion of 
rutile . 
+ n i c . X 125 
i 
Fia . D Photomicrograph of monocrys t a l l i n e 'Co.TiTion' 
angular to subangular quar tz gra in shov/ing 
inclus ion of z i rcon . 
+ n i c . X 125 
PLATE IX 
PLATE X 
F i g . A P h o t o m i c r o g r a p h s h o w i n g p o l y c r y s t a l l i n e 
' m e t a m o r p h i c ' q u a r t z g r a i n w i t h s u t u r e d 
c o n t a c t s . 
+ n i c . X 6 0 
Fig. B Photomicrograph shov.'ing elongated 'sedimentary' 
quartz grain with mosaic of fine grains of 
'metamorphic' quartz. 
+ nic. X 50 
Fig. C Photomicrograph showing 'recrystallized'quartz 
grains with inclusion of microcline.. 
+ nic. X 125 
Fig. D Photomicrograph sho^^dng elongated 'sedimentary' 
quartz grain v/ith subangular to subrounded 
sedimentary quartz crystals. 
+ nic. X 60 
PLATE X 
PLATE XI 
Figs. A & 3 Photomicrograph showing inclusion of microcline, 
trapped in angular to subangular quartz grains. 
+ nic. X 125 
Fig . C Photoinicrograph of ' c h e r t ' showing micro-
c r y s t a l l i n e granular s t r u c t u r e . 
+ n i c . X 125 
Fig. D Photomicrograph of 'rock fragments' showing 
aggregate of quartz grains. 
+ nic. X 125 
PLATE XI 
PLATE XII 
Fig. A Photomicrograph showing medium grained quartzitic 
rock fragments. 
+ nic. X 60 
Fig. B Photomicrograph showing silica cement fills up the 
primary pore spaces of quartz grains. 
+ nic. X 125 
Fig. C Photomicrograph showing sutured contacts. 
+ nic. X 125 
Fig. D Photomicrograph showing silica cement as an 
overgrowth in detrital quartz grains. 
+ nic. X 125 
P L A T E X i r 
PLATE XIII 
Fig. A Photomicrograph shov/ing second cycle tourmaline 
grain with secondary overgrowth over rounded 
detrital centre. 
+ nic. X 75 
Fig. B Photomicrograph showing rounded second cycle 
tourmaline grain with some unidentified inclusion, 
+ nic. X 75 
Fig. C Photomicrograph of a zircon grain showing 
dipyramidal faces with slight rounding at 
termination. 
+ mic X 75 
Fig . D Photomicrograph of r u t i l e g ra in showing s l i g h t 
abrasion and rounding at t e rmina t ion . 
+ mic X 75 
PLATE XIII 
• I 
^ 
PLATE XIV 
Fig. A Photomicrograph showing domal structure formed 
by stromatolites with dolomitic layer as dark 
inclusions between coarse calcite, 
+ nic X 60 
NOTE The top of the photomicrograph is towards the 
left hand side. 
Fig. B Photomicrograph showing 'birdseye ' structure 
filled v/ith the sparry calcite in clayey micrite. 
+ nic X 60 
Fig. C Photomicrograph shov/ing micrite with homogeneous 
and structureless mosaic of calcite and quartz silt 
particles and scattered dolomitic grains. 
+ nic X 75 
Fig . D Photomicrograph showing crystalline calcite 
consisting of microcrystalline mosaic of inter-
locking calcite and silica particles. 
NOTE The coarser irregular scattered patch of sparry 
calcite is seen in the centre. 
+ nic X 60 
P L A T E X I V 
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